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(57) A partially-oxidizing catalyst for hydrocartx3n 
contains gold, titanium oxide and a carrier whose spe- 
cific surface area is not less than 50 m^/g. The carrier is 
preferably made from silicon oxide and/or aluminum 
oxide. The content of gold in the catalyst is preferably 
set in the range of 0.005 to 5 % by weight. Further, 
another partially-oxidizing catalyst for a hydrocarbon 
contains gold, a titanium-containing metal oxide, and at 
least one element selected from the group consisting of 
an alkaline metal, an alkaline-earth metal and thallium. 
With these compositions, it becomes possible to provide 
a partially-oxidizing catalyst for a hydrocarbon having 
superior activity and selectivity in partially oxidizing the 
hydrocarbon in the presence of hydrogen and oxygen. 
Moreover, a partially-oxidizing method for a hydrocar- 
bon is used for partially oxidizing the hydrocarbon by 
using any of the above-mentioned partially-oxidizing 
catalysts in the presence of hydrogen and oxygen. This 
method makes it possible to manufacture an epoxide 
from a hydrocarbon of the olefin family and also to man- 
ufacture an alcohol and/or a ketone from a saturated 
hydrocartx>n, with high selectivity arxJ high conversion. 
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Description * 

FIELD OF THE INVENTION 

5 The present invention relates to a partially-oxidizing catalyst for partially oxidizing a hydrocarbon and a method for 

partially oxidizing hydrocarbon by which an alcohol and/or a ketone can be obtained from a saturated hydrocarbon and 
an epoxide can be obtained from a hydrocarbon of the olefin family (an unsaturated hydrocarbon), by partially oxidizing 
the hydrocarbon by using the partially-oxidizing catalyst in the presence of oxygen and hydrogen. 

More specifically, the present invention relates to a partially-oxidizing catalyst for a hydrocarbon with a titanium- 

10 . containing metal oxide having gold deposited thereon, which is preferably used as a catalyst for manufacturing an epox- 
ide from a hydrocarbon of the olefin family and which is also preferably used as a catalyst for manufacturing an alcohol 
and/or a ketone from a saturated hydrocarbon, and also concerns a method for partially oxidising hydrocarbon by using 
the partially-oxidizing catalyst, which is suitable for manutecturing an alcohol and/or a ketone from a saturated hydro- 
carlx>n. 

75 . 

BACKGROUND OF THE INVENTION 

Conventionally, with respect to partially-oxidizing methods for hydrocarbon, processes for directly manufacturing an 
epoxide by partially oxidizing a hydrocarbon of the olefin family have been carried out; however, in most of these proc- 

20 esses, oxidizers, such as hydrogen peroxide, organic peracids, and chlorine compounds, are used. 

In contrast, processes for transforming hydrocarbons into oxygen-containing compounds by using oxygen, such as, 
for example, processes for directly manufacturing epoxides from hydrocarbons of the olefin family through a partially- 
oxidizing reaction using oxygen, have been considered as a very prospective technique since oxygen, which is inexpen- 
sive as compared with the above-mentioned oxidizers, is used. 

25 However, it is generally considered to be difficult to directly obtain an alcohol and a ketone that are useful com- 
pounds from a saturated hydrocarbon and also to directly obtain an epoxide from an unsaturated hydrocarbon except 
for rare exceptions, and these practices have hardly been carried out except for a manufacturing method for ethylene 
oxide. 

In particular, with respect to methods for manufacturing propylene oxide by oxygen-oxidizing propylene and cata- 
30 lysts used therein, many suggestions have been made; however, none of these methods have been successfully put 
into practice since conventional commonly-used catalysts raise problems in performances such as low selectivity. 

In order to solve these problems, direct-oxidizing methods, etc., such as the chlorohydrin method, the HALCON 
method, and the acetyl-hydroperoxide method, have generally been used as the methods for manufacturing propylene 
oxide by oxygen-oxidizing propylene. However, these manufacturing methods raise other problems in which two reac- 
ts tion processes (two stages) are required and by-products (additional produces) are produced. 

For this reason, simpler, more effective manufacturing methods have been demanded. rand various methods for 
manufacturing propylene oxide by directly oxygen-oxidizing (partially oxidizing) propylene that is a hydrocarbon of the 
olefin family and catalysts used for the manufacturing methods have been proposed. 

For example, Japanese Laid-Open Patent Publication No. 97378/1995 (Tokukaihei 7-97378) discloses a method for 
40 manufacturing olefin oxide (an epoxide) from olefin (an unsaturated hydrocarbon) in a gaseous phase by using as a cat- 
alyst crystalline silicate (silicate) on which metallic salt of nitric acid, such as silver nitrate, is deposited. 

Further, Japanese Laid-Open Patent Publication No. 352771/1992 (Tokukaihei 4-352771) discloses a method for 
manufacturing propylene oxide from propylene in a liquid phase by using a catalyst made of a metal of the VIII family 
and crystalline titano-silicate. 

45 However, since the catalysts used in these manufacturing metfiods are inferior in catalyst performances such as 
activity and selectivity, it has to be said that the above-mentioned conventional methods fail to provide practical manu- 
fecturing methods for epoxides. 

For this reason, inventors and other personnel of the present application have earnestly made research into a par- 
tially-oxidizing method for a hydrocarbon by which an alcohol and/or a ketone can be obtained from a saturated hydro- 
50 carbon and an epoxide can be obtained from an unsaturated hydrocarbon, by partially oxidizing the hydrocarbon in the 
presence of oxygen and hydrogen, and a catalyst that is preferably used for the above-mentioned partially-oxidizing 
method for hydrocarbon. Consequently, it has been discovered that a catalyst containing gold and titanium oxide is pref- 
erably used for the partially-oxidizing method for hydrocarbon. 

Accordingly, in Japanese Laid-Open Patent Publication No. 127550/1996 (Tokukaihei 8-127550), the inventors and 
55 other personnel of the present application have disclosed a method for manufacturing an epoxide by oxygen-oxidizing 
an unsaturated hydrocarbon in the presence of molecular hydrogen and a catalyst containing gold and titanium oxide. 
With this method, it is possible to obtain epoxides with high selectivity. 

However, the above-mentioned catalyst, provided by the inventors and other personnel of the present application. 
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is found to be inferior in the activity although it has high selectivity. For this reason, in the case when, for example, the 
catalyst is applied to a manufacturing method for an epoxide, the conversion of the unsaturated hydrocarbon to the 
epoxide is as low as not more than 3%. and the amount of hydrogen to be burned is high. 

In the reaction using the above-mentioned gold-titania catalyst, there is a tendency in which although the consump- 

5 tion of hydrogen is increased by increasing the reaction temperature (especially, at not less than 100**C), it is difficult to 
increase the product activity of the partially-oxidized product, such as an epoxide, and the amount of product of the par- 
tially-oxidized product does not increase or reduces. Jn other words, in the above-mentioned catalyst, the maximum 
level of the catalyst performance, which is achieved by optimizing the reaction conditions such as reaction temperature, 
is comparatively low, and further improvements are required to put the above-mentioned reaction into practical use. 

10 The first objective of the present invention that has been devised to solve the above-mentioned problems is to pro- 

vide a partially-oxidizing catalyst for hydrocarbon which has superior activity and selectivity in carrying out a reaction 
for partially oxidizing the hydrocarbon In the presence of hydrogen and oxygen and which can make the partially-oxidiz- 
ing reaction put Into practical use with high selectivity and high conversion. 

Moreover, the second objective of the present invention is to provide a partially-oxidizing method tor hydrocarbon 

15 which allows to obtain an epoxides from a hydrocarbon of the olefin family (an unsaturated hydrocartxjn) and also to 
obtain an alcohol and/or a ketone from a saturated hydrocarbon, with high selectivity and high conversion. 

DISCLOSURE OF THE INVENTION 

20 The inventors and other personnel of the present invention have earnestly made research into a partially-oxidizing 
catalyst for hydrocarbon. As a result, it has been confirmed that a partially-oxidizing catalyst for hydrocarbon, which 
contains gold, titanium oxide, and a carrier whose specific surface area is not less than 50 m^/g. has superior activity 
and selectivity in carrying out a reaction for partially oxidizing hydrocarkx)n under the presence of hydrogen arxj oxygen. 
In other words, in order to achieve the above-mentioned first objective, the first partially-oxidizing catalyst for hydro- 
ps carbon of the present invention is characterized in that it contains gold, titanium oxide, and a carrier whose specific sur- 
face area is not less than 50 m^/g. 

Different from the aforementioned gold-titania catalyst, the partially-oxidizing catalyst having the above-mentioned 
composition contains such a carrier with high specific surface area that the activity for producing a partially-oxidized 
product such as epoxides is improved in response to an increase in the reaction temperature even under a reaction 

30 temperature of not less than lOO^'C. Therefore. In the above-mentioned partially-oxidizing catalyst, it is posslt^e to 
improve the maximum level of the catalyst performance (activity) that is achieved by optimizing the reaction conditions 
such as reaction temperatures, and consequently to attain a level in which practical use is achieved. 

Moreover, the inventors and other personnel of the present application have further made research in earnest Into 
a partially-oxidizing catalyst for hydrocarbon that is used for a reaction for partially oxidizing hydrocarbon In the pres- 

35 ence of hydrogen and oxygen. As a result, it has been confirmed that a partially-oxidizing catalyst, which contains gold, 
a titanium-containing metal oxide and at least one element selected from the group consisting of alkaline metal, alka- 
line-earth metal and thallium, has superior activity and selectivity In carrying out the reaction for partially oxidizing 
hydrocarbon in the presence of hydrogen and oxygen. 

In other words, in order to achieve the first objective, the second partially-oxidizing catalyst for hydrocarbon of the 

40 present invention is characterized in that it contains gold, a titanium-containing metal oxide and at least one element 
selected from the group consisting of alkaline metal, alkaline-earth metal and thallium. 

The above-mentioned composition makes It possible to provide a partially-oxidizing catalyst which has superior 
activity and selectivity in carrying out a reaction for partially oxidizing hydrocarbon in the presence of hydrogen and oxy- 
gen. Therefore, the partially-oxidizing catalyst having the above-mentioned composition is preferably used as a catalyst 

45 for manufacturing epoxides by partially oxidizing hydrocarbon of the olefin family, and also as a catalyst for manufactur- 
ing alcohols and/or ketones by partially oxidizing saturated hydrocarbon. 

In addition, with the above-mentioned composition, the one element, selected from the group consisting of alkaline 
metal, alkaline-earth metal and thallium, makes it possible to suppress deterioration with time, thereby providing a cat- 
alyst having superior stability in life time. 

50 Furthermore, the inventors and other personnel of the present application have further made research in earnest 
into a partially-oxidizing method for hydrocarbon for partially oxidizing hydrocarbon in the presence of hydrogen and 
oxygen. As a result, it has been confirmed that the application of the above-mentioned first or second partially-oxidizing 
catalyst makes it possible to obtain alcohols and/or ketones from saturated hydrocarbon with high selectivity and high 
conversion, and also to obtain epoxides from hydrocarbon of the olefin family (unsaturated hydrocarbon) with high 

55 selectivity and high conversion, by partially oxidizing the hydrocarbon In the presence of oxygen and hydrogen; thus, 
the present invention Is completed. 

In other words, in order to achieve the second objective, the first partially-oxidizing method for hydrocarbon of the 
present invention is characterized in that it partially oxidizing hydrocarbon in the presence of hydrogen and oxygen by 
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using the first partially-oxidizing catalyst for hydrocarbon. 

Further, In order to achieve the second objective, the second partially-oxidizing method for hydrocarbon of the 
present fnvention is characterized in that it partially oxidizing hydrocarbon in the presence of hydrogen and oxygen by 
* using the second partially-oxidizing catalyst for hydrocarbon. 
5 With the first and second methods, it is possible to carry out a reaction for partially oxidizing hydrocarbon with high 

selectivity and high conversion, in other words, it is possible to manufacture epoxides from hydrocarbon of the olefin 
family (unsaturated hydrocarbon), and also to manufacture alcohols and/or ketones from saturated hydrocarbon with 
high selectivity and high conversion respectively. 

In addition, the first method makes it possible to reduce the amount of hydrogen to be burned. Further, since the 
10 catalyst having superior stability in lifetime is used, the second method makes it possible to respectively manufecture 
epoxides, alcohols and/or ketones stably for a long period, with high selectivity and high conversion. 
The following description will discuss the present invention in detail. 

The first partially-oxidizing catalyst for hydrocarbon (hereinafter, referred to simply as catalyst (1)) contains gdd. 
titanium oxide (titania) and a carrier whose specific surface area is not less than 50 m^/g. 

15 With respect to the above-mentioned gold, particles having a particle-diameter in nanometer (nm) sizes (not more 
than 10 nanometer in diameter), that is. so-called ultrafine particles, are preferably used. The carrier amount (content) 
of gold in catalyst (1) is preferably set at not less than 0.001 % by weight, more preferably set in the range of 0.005 % 
to 5 % by weight, most preferably set In the range of 0.01 % to 1 .0 % by weight, and by far the most preferably set in 
the range of 0.05 % to 0.2 % by weight. 

20 A carrier amount of gold below 0.001 % by weight is not preferable because it causes degradation in the activity of 
catalyst (1). Further, a carrier amount of gold exceeding 5 % by weight is not preferable because no further improve- 
ments in the activity of catalyst (1) are obtained as compared with the case in which gold is deposited within the above- 
mentioned range and because gold is wastefully used. 

The crystal structure of the titanium oxide is not particularly limited; however, that of amorphous type or anatase 

25 type is preferably used. Further, titanium oxide may be provided as a complex material with other oxide. In catalyst (1), 
the carrier amount (content) of titanium oxide is preferably set in the range of 0.1 % to 20 % by weight, and more pref- 
eratsly set in the range of 0.5 % to 10 % by weight. Therefore, in particular, it is preferable to set the content of gold in 
the range of 0.005 % to 5 % by weight, and also to set the content of titanium oxide in the range of 0.1 % to 20 % by 
weight. 

30 A carrier amount of titanium oxide below 0. 1 % by weight is not preferable since it causes degradation in the activity 
of catalyst (1 ). Further, a carrier amount of titanium oxide exceeding 20 % by weight is not preferable because no further 
improvements in the activity of catalyst (1) is obtained as compared with the case in which titanium oxide is deposited 
within the above-mentioned range. 

The activity of catalyst (1) can be improved by fixing (allowing to deposit) gold and titanium oxide onto a carrier 
35 whose specific surface area is not less than 50 m^/g. More specifically, the following materials are. for example, listed 
as the above-mentioned carrier: silicon oxide, aluminum oxide, zirconium oxide, and complex materials thereof; crys- 
talline metallosilicate such as zeoiitic; and other materials. Among these materials, silicon oxide and/or aluminum oxide 
are more preferable, and silicon oxide is most preferable. 

Moreover, the crystal structure, shape, size, etc. of the carrier are not particularly limited; however, it is preferable 
40 to set its specific surface area at not less than 50 m^/g, and more preferably at not less than 100 m^/g. By setting the 
specific surface area at not less than 50 m^/g. the performance of catalyst (1) is further improved. In other words, since 
side reactions, such as serial oxidation, are further suppressed, it is possible to partially oxidizing hydrocartx)n more 
effectively, and also to further reduce the amount of hydrogen to be burned. 

In the case when silicon oxide and aluminum oxide are combinedly used, the ratio of the two materials is not par- 
45 ticularly limited. Further, in the present invention, the expression "containing silicon oxide and aluminum oxide** is 
defined as including cases "containing zeolite (alumino-silicate) and silica alumina. 

Moreover, catalyst (1) may further include a carrier whose specific surface area is less than 50 m^/g to such a 
degree as not to impair the activity. In other words, catalyst (1 ) of the present invention is constituted by a carrier (here- 
inafter, referred to simply as a carrier) whose specific surface area is not less than 50 m^/g. gold and titanium oxide that 
so are deposited on the carrier. Additionally, titanium oxide may be deposited on the carrier by carrying out a calcination 
process after a titanium compound such as a complex has been deposited on the carrier. 

With respect to methods for preparing catalyst ( 1 ), that is. fixing methods for fixing gold and titanium oxide onto the 
carrier, for exanrple. the deposition-precipitation method, the coprecipitation method, the impregnation method and 
other methods are listed; however, the present invention is not particularly limited thereby. Further, powder of gold 
55 and/or gold compound and powder of titanium oxide may be blown onto the carrier so that gold and titanium oxide are 
allowed to adhere to the carrier and to be fixed thereon. With this fixing method, gold and titanium oxide are firmly fixed 
onto the carrier with a comparatively uniform distribution. 

In the case when gold and titanium oxide are separately deposited onto the carrier, it is preferable to allow gold to 
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be deposited after titanium oxide has been deposited. Further, after allowing gold to be deposited on titanium, the tita- 
nium oxide having gold deposited thereon may be deposited on the carrier: Moreover, titanium oxide may be deposited 
onto a carrier such as silicon oxide or aluminum oxide by dispersing it thereon to form a so-called coating or a so-called 
island structure. 

5 More specifically, with respect to fixing methods for fixing gold onto a carrier, for example, the following method may 

be adopted; After titanium oxide has been deposited on the carrier, the carrier is immersed into an aqueous solution 
containing a gold compound so that gold deposit is precipitated onto the carrier. The gold compound is not particularly 
limited, as long as it Is water soluble. The temperature of the aqueous solution is preferably set in the range of SO^'C to 
80^C, although It is not particularly limited. In this case, the pH of the aqueous solution may be adjusted in the range of 

10 6 to 10, if necessary, and in order to increase the carrier amount of gold in catalyst (1) or in order to reduce the particle 
diameter of ultraf ine gold particles, a surface active agent, carbonate and/or a salt thereof may be added to the aqueous 
solution. More specifically, with respect to the surface active agent, a long-chain alky I (aryl) sulfonic acid whose carbon 
number is not less than 8 and a salt thereof, and a long-chain alkyi (aryl) carbonate and a salt thereof are adopted. 
Here, with respect to the carbonate and a salt thereof, for example, citric acid and its sodium salt and magnesium salt 

15 are adopted. 

As described above, the first partially-oxidizing catalyst for hydrocarbon of the present invention contains gold, tita- 
nium oxide and a carrier whose specific surface area is not less than 50 m^/g. With this composition, it is possible to 
provide a partially-oxidizing catalyst which has superior activity and selectivity in carrying out a reaction for partially oxi- 
dizing hydrocarbon in the presence of hydrogen and oxygen. 
20 The second partially-oxidizing catalyst for hydrocarbon (hereinafter, referred to simply as catalyst (2)) contains 
gold, a metal oxide containing titanium, and at least one element selected from the group consisting of an alkaline 
metal, an alkaline-earth metal and thallium. 

With respect to the above-mentioned gold, particles having a particle-diameter of not more than 10 nanometer 
(nm), that is. so-called ultraf ine particles, are preferably used. Further, it is preferable for the gold to be deposited onto 
25 a metal oxide containing titanium. 

The carrier amount (content) of gold in catalyst (2) is preferably set at not less than 0.001 % by weight, more pref- 
erably set in the range of 0.005 % to 5 % by weight, most preferably set in the range of 0.01 % to 1 % by weight, and 
by far the most preferably set in the range of 0.02 % to 0.5 % by weight. A carrier amount of gold below 0.001 % by 
weight is not preferable because it causes degradation in the activity of catalyst (2). Further, a carrier amount of gold 
30 exceeding 5 % by weight is not preferable because no further improvements in the activity of catalyst (2) is obtained as 
compared with the case in which gold is deposited within the above-mentioned range and because gold is wastefully 
• used. 

The above-mentioned metal oxide containing titanium is not particularly limited, as long as it is a metal oxide con- 
taining titanium. In other words, any metal oxide containing titanium may be adopted as long as it contains titania (that 

35 is. titanium dioxide: T1O2) and/or a complex oxide containing titanium (hereinafter, referred to as a titanium-containing 
complex oxide); and if necessary, it may contain a metal oxide containing no titanium, such as alumina and silica. 

Although not particularly limited, titania having a crystal structure of the amorphous or anatase-type is preferably 
used as the above-mentioned titania. Further, with respect to the above-mentioned titanium-containing complex oxide, 
for example, the following materials are listed: a complex oxide between titanium and other metals, such as titania-zir- 

40 conia. FeTiOs. CaTiOa, SrTiOa; a zeolttic compound in which titanium such as titano-silicate is combined inside the zeo- 
lite lattice; etc. The shape of the titania and titanium-containing complex oxide is not particularly limited: and it may 
formed into powder or various shapes. 

Further, in order to improve the activity of catalyst (2), the above-mentioned titania and/or titanium-containing com- 
plex oxide is preferably used in a state in which it is deposited (fixed) on a carrier (support). 

45 With respect to the carrier, carriers, which are made of metal oxides and various metals and which contain no tita- 
nium, may be used. More specifically, for example, the following materials are used as the carrier: alumina (aluminum 
oxide), silica (silicon dioxide: Si02). magnesia (magnesium oxide: MgO), cordierite, zirconium oxide, and ceramics 
made of complex oxides, etc. of these materials; crystalline metallosilicates such as zeolite; foamed materials made of 
various metals; honeycomb carriers made of various metals; pellets made of various metals; etc. 

50 It is preferable for the carrier to contain alumina and/or silica, and it is more preferable to contain silica. Here, the 
expression "containing alumina and silica** is defined as including cases containing zeolite (alumino-silicate) and silica 
alumina. 

The crystal structure, shape, size. etc. of the carrier are not particularly limited; however, it is preferable to set its 
specific surface area of the carrier at not less than 50 m^/g, and more preferably at not less than 100 m^/g. By setting 
55 the specific surface area at not less than 50 m^/g, the performance of catalyst (1) is further improved. In other words, 
since side reactions, such as serial oxidation, are further suppressed, it is possible to partially oxidizing hydrocarbon 
more effectively. Additionally, titanium or a titanium-containing complex oxide may be deposited on the carrier through 
a calcination process after a titanium compound such as a complex has been deposited on a carrier. 
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The content of titanium in catalyst (2), upon conversion to TIO2, Is preferably set in the range of 0.1% to 20% by 
weight, and more preferably set In the range of 0.5% to 10% by weight. A titanium content of less than 0.1% by weight 
(upon conversion to TiOg) Is not preferable since the activity of catalyst (2) decreases. Further, a titanium content 
exceeding 20% by weight (upon conversion to Ti02) is not preferable because no further improvements in the activity 

5 of catalyst (2) are obtained as compared with the case in which titanium in the above-mentioned range, is contained. 

In addition to the above-mentioned gold and titanium-containing metal oxide, catalyst (2) of the present invention 
contains at least one element selected from the group consisting of an alkaline metal, an alkaline-earth metal and thal- 
lium. With respect to the alkaline metal, Li. Na. K. Rb, Cs and Fr may be adopted. With respect to the alkaline-earth 
metal, Be, Mg, Ca, Sr, Ba and Ra may be adopted. 

10 With respect to the above-mentioned elements, at least one element selected from the group consisting of K, Rb 
and Cs and at least one element selected from the group consisting of Mg, Ca. Sr and Ba are more preferably adopted. 
Thus. It becomes possible to further improve the performance of catalyst (2). In other words, since side reactions, such 
as serial oxidation, are further suppressed, it is possible to partially oxidizing hydrocarbon more effectively. 

In catalyst (2). the above-mentioned element may exist as a simple metal element or it may be Incorporated Into 

15 another component, for example, the crystalline structure of the titanium-containing metal oxide. Further, the above- 
mentioned element may be contained in the aforementioned carrier (support): however. In this case, effects as 
described above are not expected. Therefore, in the case when the carrier (support) is used in a separate manner, the 
amount of the above-mentioned element contained in the carrier (support)(for example, Mg which is an alkaline-earth 
metal in a magnesia carrier) Is excluded from the definition of the content by which the effects are obtained. 

20 In catalyst (2), the content of at least one element selected from the group consisting of an alkaline metal, an alka- 
line-earth metal and thallium (hereinafter, referred to as a specific element) is preferably set in the range of 0.001% to 
20% by weight, more preferably set in the range of 0.005% to 5% by weight, and most preferably set in the range of 
0.01% to 2% by weight as a simple metal with respect to the entire weight of catalyst (2). Here, the specific element, 
when contained in the carrier that is applied in a separate manner, is excluded from the definition of the content. 

25 A carrier amount of specific element of less than 0.001% by weight is not preferable since the effect of addition of 
the specific element no longer appears. Further, a cannier amount of specific element exceeding 20% by weight Is not 
preferable since the effect of addition of the specific element is no longer recognized as compared with the case in 
which the specific element in the above-mentioned ranged is applied and since degradation in the performance of cat- 
alyst (2) is raised. 

30 Next, an explanation will be given of a preparing method for catalyst (2). 

The preparing method for catalyst (2) is not particularly limited, as long as it is a preparing method for forming a 
composition containing gold, a titanium-containing metal oxide, and at least one element selected from the group con- 
sisting of an alkaline metal, an alkaline-earth metal and thallium. 

With respect to the preparing method for catalyst (2), the following methods are listed, although the present inven- 
ts tion is not intended to be limited thereby: a method in which after preparing a catalyst made of ultrafine gold particles 
and a titanium-containing metal oxide by allowing the ultrafine gold particles to be deposited on the titanium-containing 
metal oxide (hereinafter, referred to as a ultrafine-gold-particle-trtanlum-containing-metal-oxide catalyst), at least one 
element selected from the group consisting of an alkaline metal, an alkaline-earth metal, and thallium is deposited on 
the ultraf ine-gold-particle-titanlum-containing-melal-oxide catalyst; another method in which after allowing the specific 
40 element to be deposited on a titanium-containing metal oxide, ultrafine gold particles are deposited on the titanium-con- 
taining metal oxide; and the other method in which ultrafine gold particles are deposited on a titanium-containing metal 
oxide while the specific element is deposited thereon at the same time. 

With respect to the preparing methods for catalyst (2). the second and third methods among the above-mentioned 
examples are preferably adopted: that Is. the methods, in which before gold is allowed to deposit on the titanium-con- 
45 taining metal oxide, or simultaneously as gold is allowed to deposit on the titanium-containing metal oxide, at least one 
element selected from the group consisting of an alkaline metal, an alkaline-earth metal and thallium is allowed to 
deposit on the titanium-containing metal oxide, are preferably adopted. 

In the first method In which after preparing a ultraflne-gold-particle-titanlum-containing-metal-oxide catalyst by 
allowing the ultrafine gold particles to be deposited on the titanium-containing metal oxide, the specific element Is 
50 added, with respect to the method for allowing the ultrafine gold particles to deposit on the titanium-containing metal 
oxide, for example, the deposition-precipitation method, the coprecipitation method, the impregnation method, the 
chemical vapor deposition method and other methods, which use gold or a gold compound, are listed; however, the 
present invention Is not particularly limited thereby. 

With respect to the method lor preparing a ultraf ine-gold-partide-titanium-containlng-metal-oxide catalyst by allow- 
55 ing ultrafine gold particles to deposit on the titanium-containing metal oxide, the following specific examples are listed: 
a method in which after allowing titania and/or a titanium-containing complex oxide to deposit on a carrier, the carrier is 
immersed into an aqueous solution containing a gold compound so that gold deposit is precipitated on the carrier; and 
another method in which a carrier made of titania and/or a titanium-containing complex oxide Is immersed into an aque- 
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ous solution containing a gold compound so that gold deposit is precipitated on the carrier. With these deposition meth- 
ods, the ultrafrne gold particles are firmly fixed onto the carrier with ^ comparatively uniform distribution. In the case 
when ultrafine gold particles and a titanium oxide are deposited on the carrier in a separate manner, it is preferable to 
deposit gold after depositing the titanium oxide. 
5 With respect to methods for depositing titania and/or a titanium-containing complex oxide onto a carrier such as sil- 

ica and alumina, the deposition-precipitation method, the coprecipitation method, the impregnation method and other 
methods are listed; or the deposition can be carried out by coating or by dispersing It to form a so-called Island struc- 
ture. 

The above-mentioned gold compound is not particularly limited, as long as It Is water soluble: and for example, 
10 chloroauric acid may be adopted. The temperature of the aqueous solution is preferably set in the range of 30*'C to 
80*^0, although it is not particularly limited. In this case, the pH of the aqueous solution may be adjusted in the range of 
6 to 10, if necessary, and in order to increase the carrier amount of gold in catalyst (2) or In order to reduce the particle 
diameter of ultrafine gold particles, a surface active agent, carbonate and/or a salt thereof may be added to the aqueous 
solution. 

15 More specifically, with respect to the surface active agent, a long-chain alkyi (aryl) sulfonic acid whose carbon 
number Is not less than 8 and a salt thereof, and a long-chain alkyI (aryl) carbonate and a salt thereof are adopted. 
Here, with respect to the carbonate and a salt thereof, for example, citric acid and its sodium salt and magnesium salt 
are adopted. 

In the above-mentioned first method, with respect to methods for adding the specific element to the uttraflne-gold- 
20 parlicle-titanium-containing-metal-oxide catalyst, conventional commonly-used methods, such as the impregnation 
method, may be adopted. More specifically, in the case of the impregnation method, for example, the ultraf ine-gold-par- 
ticle-titanlum-containlng-metal-oxide catalyst In powdered form or a molded form is immersed Into an aqueous solution 
containing the specific element, that Is. an aqueous solution of a carbonate of alkaline-metal such as potassium car- 
bonate, cesium carbonate and rubidium carbonate, and the specific element can be forcefully deposited onto the 
25 ultraf ine-gold-particle-titanium-containing-metal-oxide by distilling and removing water. 

With respect to the second method in which after adding the specific element to a titanium-containing metal oxide, 
ultrafine gold particles are deposited onto the titanium-containing metal oxide, lor example, onto the titanium-containing 
metal oxide containing the specific element that is obtained by a method such as impregnating the specific element into 
the titanium-containing metal oxide, the ultrafine gold particles may be deposited by a method, such as the deposition- 
do precipitation method, the coprecipitation method, the impregnation method and the chemical vapor deposition method, 
by using gold or a gold compound. 

Here, with respect to methods for obtaining the titanium-containing metal oxide containing the specific element by 
impregnating the specific element into the titanium-containing metal oxide, for example, the following and other meth- 
ods may be adopted; that is, the titanium-containing oxide in powdered form or a molded form is immersed into an 
35 aqueous solution containing the specific element, for example, an aqueous solution of an alkaline-metal carbonate salt, 
and water is distilled and removed. 

Moreover, the titanium-containing metal oxide containing the specific element may also be obtained by a method 
in which the titanium and/or a titanium-containing complex oxide and an oxide containing the specific element, that is. 
for example, an oxide of an alkaline- earth metal such as magnesium oxide, are simultaneously deposited onto a carrier 
40 such as silica. 

With respect to the third method in which the specific element is added simultaneously as ultrafine gold particles 
are deposited onto the titanium containing metal oxide, for example, the following and other method may be adopted; 
that is, when gold is deposited on the titanium-containing metal oxide by the deposition-precipitation method in which 
the titanium-containing metal oxide is added after the pH of an aqueous solution of a gold compound has been adjusted 

45 by a neutrallzer. an aqueous solution containing the specific element (for example, an aqueous solution of an alkaline- 
metal hydroxide such as cesium hydroxide) is used as the neutralizer for adjusting the pH. 

As described above, the second partially-oxidizing catalyst for hydrocarbon of the present Invention contains at 
least one element selected from the group consisting of gold, a titanium-containing metal oxide, an alkaline metal, an 
alkaline-earth metal and thallium. 

50 In the above-mentioned composition. It Is possible to provide a partially-oxidizing catalyst having superior activity 
and selectivity in carrying out a reaction for partially oxidizing hydrocarbon in the presence of hydrogen and oxygen. 
Therefore, the second partially-oxidizing catalyst is preferably used as a catalyst for manufacturing epoxides by partially 
oxidizing hydrocarbon of the olefin family or as a catalyst for manufacturing alcohols and/or ketones by partially oxidiz- 
ing saturated hydrocarbon. 

55 The partially-oxidizing method for hydrocarbon of the present invention is a method for partially oxidizing hydrocar- 
bon in the presence of oxygen and hydrogen by the use of catalyst (1) or catalyst (2). In the above-mentioned partially- 
oxidizing method, with respect to hydrocarbon used as a raw material, a saturated hydrocarbon and a unsaturated 
hydrocartx)n. such as hydrocarbons of the olefin family, are listed. 
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With this method, since a hydrocarbon of the olefin family is used as the hydrocarbon, the double bond of the hydro- 
cariDon of the olefin family (unsaturated hydrocarbon) is selectively oxidized so that an epoxide is selectively manufac- 
tured. Further, since a saturated hydrocarbon is used as the hydrocarbon, the secondary carbon-hydrogen bond as well 
as the tertiary carbon-hydrogen bond is selectively oxidized. In other words, in the above-mentioned partially oxidizing 

5 reaction, the order of reactivity in the carbon-hydrogen bonds of the saturated hydrocarbon is represented by: tertiary 
cartx>n > secondary carbon > primary carbon; and the primary carbon-hydrogen bond is hardly oxidized. When the sec- 
ondary carbon-hydrogen bond is oxidized, a ketone is mainly manufactured, and when the tertiary carbon-hydrogen 
bond is oxidized,. an alcohol is mainly manufactured. 

The above-mentioned saturated hydrocarbon is not particularly limited; however, those compounds whose carbon 

10 number is in the range of 3 to 12 are preferably adopted. More specifically, the following saturated hydrocarbons are, 
for example, listed: propane, n-butane, isobutane. cyclobutahe. n-pentane, 2-methylbutane, cyclopentane. n-hexane. 2- 
methylpentane, 3-methylpentane. cyclohexane. 2-ethylhexane and n-octane. 

The above-mentioned hydrocarbon of the olefin family (unsaturated hydrocarbon) is not particularly limited, as long 
as It Is a compound having the olefin double bond: however, those compounds whose carbon number is in the range of 

15 2 to 1 2 are preferably adopted. More specifically, the following hydrocarbons of the olefin family are. for example, listed: 
terminal olefines, such as ethylene, propylene, 1-butene. isobutylene. 1-pentene, 2-methyl-1-butene, 3-methyl-1- 
butene. 1-hexene. 2-methy I- 1-pentene. 3-methy I- 1-pentene. 4-methyl-1-pentene, styrene and a-methylstyrene; internal 
olefines. such as 2-butene. 2-pentene. cyclopentene. 2-hexene. 3-hexene. cyclohexene, 1-methyl-1-cyclopenteneand 
3-methyl-1-cyclopentene; and dienes such as 1-3-butadiene. 

20 In the partially-oxidizing method of the present invention, the following corresponding epoxides are manufactured 
by adopting the hydrocartjons of the olefin family as exemplified above as the hydrocarbon to be used therein: ethyle- 
neoxlde. propyleneoxide. 1 ,2-epoxybutane. 2-methyl-1,2-epoxypropane. 1 ,2-epoxypentane, 2-methyl-1.2-epoxybutane, 
3-methyl-1 ,2-epoxybutane. 1,2-epoxyhexane, 2-methyl-1,2-epoxypentane, 3-methyl-1,2-epoxypentane. 4-methyl-1,2- 
epoxypentane. (1.2-epoxyethyl) benzene (that is, styrene oxide). (1-methyl-1 ,2-epoxyethyl) benzene; 2,3-epoxybutane. 

25 2,3-epoxypentane, 1,2-epoxycyclopentane (that is, cyclopentene oxide), 2,3-epoxyhexane, 3.4-epoxyhexane. 1.2- 
epoxycydohexane (that is. cyclohexene oxide), 1-methyl-1.2-epoxycyclopentane, 3-methyl-1.2-epoxycyctopentane; 
1,2-epoxybutene. 

The reaction for partially oxidizing a hydrocarbon of the present invention is preferably carried out in a gaseous 
phase, although it may be carried out in a liquid phase. The following description will exemplify cases In which the reac- 

30 tion Is carried out in a gaseous phase. 

Although not particularly limited as long as It Is set in accordance with the content of gold and titanium, the carrier 
amount of titanium oxide, the kind of hydrocarbon, the reaction conditions, etc.. the amount of use of the catalyst (cat- 
alyst (1) or catalyst (2)) is preferably set so that the space velocity (SV) of the hydrocarbon during the reaction Is main- 
tained In the range of lOOhr*^ • ml/g • cat. to lO.OOOhr^ • ml/g • cat. (space velocity per 1 gram of catalyst). 

35 Hydrogen (molecular hydrogen) reacts as a reducing agent. Although not particularly limited, the amount of use of 
hydrogen Is preferably set at such an amount that the volume ratio of hydrogen and hydrocarbon (hydrogen/I lydrocar- 
bon) is maintained in the range of 1/10 to 100/1. Here, the greater the ratio of hydrogen, the greater the reaction rate; 
therefore, the closer to 100/1 the volume ratio is set, the more preferable it becomes. Additionally, in the absence of 
hydrogen, the hydrocarbon is completely oxidized to become carbon dioxide and water. In this case, it is not possible to 

40 obtain an alcohol and a ketone, or an epoxide. 

The reaction of the present invention for partially oxidizing a hydrocarbon is carried out by allowing a material gas 
containing the hydrocarbon, oxygen (molecular oxygen) and hydrogen to contact catalyst (1) or catalyst (2). Therefore, 
with respect to the reaction method, for example, a method in which catalyst (1) or catalyst (2) is loaded In a reaction 
device and the material gas is passed through the reaction device Is preferably adopted. Thus, it is possible to obtain a 

45 resulting gas containing an alcohol and/or a ketone or an epoxide (hereinafter, referred to as object.) 

Additionally, although the reaction method Is not particularly limited, the above-mentioned reaction is a so-called 
catalyst reaction in an ununiform gaseous phase; therefore, a continuous method is preferably adopted. Moreover, the 
material gas may contain an Inactive gas, such as nitrogen, helium, argon and carbondioxide, if necessary. In other 
words, the hydrocarbon may be diluted by an inactive gas, if necessary. 

so The reaction temperature Is not particularly limited, and is properly set in accordance with the kind. etc. of the 
hydrocarbon; however. It Is preferably set, for example, in the range of 0°C to 300°C in which the hydrocarbon or the 
object can exist as gases, and is more preferably set in the range of 100**C to 250^*0. In the case when the reaction tem- 
perature Is extremely high, the burning reaction of the hydrocarbon and object easily takes place, that is, the production 
of cartx)ndioxlde and water easily takes place, resulting In an Increase In the amount of hydrogen to be burned. There- 

55 fore, It becomes difficult to manufacture the object effectively. However, since the partially oxidizing reaction also 
progresses effectively with the reaction temperature maintained relatively high, it is preferable to set the reaction tem- 
perature at not less than 100**C in the present invention. In the present invention, the burning reaction of the hydrocar- 
bon and the object can be suppressed even at high temperatures not less than lOO^'C. 
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Moreover, the reaction pressure is not particularly limited, and is properly set in accordance with the reaction con- 
ditions such as the reaction temperature; however, it is preferably set at a pressure in which the hydrocarbon and object 
exist as gases, for example, in the range of 0.05 MPa to 5 MPa. The reaction time is not particularly limited, and is prop- 
eriy set in accordance with the reaction conditions, such as the reaction temperature and reaction pressure. 
5 Additionally, in the case when the reaction for partially oxidizing a hydrocarbon in a liquid phase, the reaction tem- 

perature is preferably set at a temperature in which the hydrocarbon and object exist as liquids, for example, in the 
range of 0*^0 to 100*^0. Further, the reaction pressure is set at a pressure In which the hydrocartK}n and the object exist 
as liquids. 

Alternatively, the above-mentioned reaction may be carried out in a liquid phase by using an inactive solvent to the 
10 reaction. With respect to such a reaction method using a solvent, for example, a method in which the above-mentioned 
material gas is bubbled in a suspension that is prepared by suspending the solvent in catalyst (1) or catalyst (2) is pref- 
erably adopted. With respect to the solvent, for example, an aromatic hydrocarbon such as benzene and a halogenated 
hydrocartx>n such as methylene chloride are listed; however, the present invention Is not particularly limited thereby. 
As described above, the partially-oxidizing method for a hydrocarbon of the present invention is a method in which 
15 the hydrocarbon is partially oxidized in the presence of oxygen and hydrogen by using catalyst (1) or catalyst (2). 

In the case of the application of catalyst (1) in the above-mentioned method, it is possible to partially oxidizing the 
hydrocarbon simply as well as effectively by synergistic effects of gold, titanium oxide and the carrier, that is. by the spe- 
cific, synergistic effects demonstrated by these components. 

In this manner, the application of a direct oxidation in a gaseous phase, that is, an oxidizing reaction in a gaseous 
20 phase, makes it possible to reduce the number of reaction processes to one reaction process (one stage), and it is pos- 
sible to obtain an alcohol and/or a ketone from a saturated hydrocarbon with high selectivity arxJ high conversion, and 
also to obtain an epoxide from a unsaturated hydrocarbon with high selectivity and high conversion, as well as reducing 
the amount of hydrogen to be burned. 

In the case of the application of catalyst (2) in the above-mentioned method, it is possible to partially oxidizing the 
25 hydrocart)on simply as well as effectively by synergistic effects of gold, a titanium-containing metal oxide and at least 
one element selected from the group consisting of an alkaline metal, an alkaline-earth metal and thallium that are con- 
tained in catalyst (2). With this arrangement, it is possible to obtain an epoxide from a hydrocarbon of the olefin family 
and also to obtain an alcohol and/or a ketone from a saturated hydrocartx)n respectively with high selectivity and high 
conversion merely by using one process (one stage). 
30 The effect of the addition of at least the one element selected from the group consisting of an alkaline metal, an 
alkaline-earth metal and thallium that are contained in catalyst (2) is particularly demonstrated to Improve the activity in 
' producing the epoxide and also to improve the selectivity of the epoxide. 

The principle of the function of the specific element has not been clarified yet; however, it has been found that when 
an epoxidizing reaction of a hydrocarbon of the olefin family is carried out by using a catalyst to which no specific ele- 
35 ment is added, the ratio of production of compounds such as aldehydes and ketones, which appear to be produced 
through Isomerizatlon of the epoxide, tends to Increase and the conversion of hydrogen also tends to Increase. There- 
fore, it Is considered that the principle of the function of the specific element is based on the fact that the strong-acid 
point of the carrier is poisoned by the addition of the specific element that is basic so that sequential side reactions, 
such as the isomerization of the epoxide, are suppressed or the fact that the reactivity of hydrogen is improved by the 
40 change in physical property of the catalyst surface by the presence of the specific element. Here, in general, the fact 
that the isomerizatlon reaction of an epoxide is accelerated by a strong acid has been well known. 

In addition, another effect of the addition of the specific element is that it improves the stability in life time of the cat- 
alyst. In other words, the addition of the specific element makes it possible to suppress the production of side products, 
thereby suppressing accumulation of resin-state matters on the surface of the catalyst, which appears to be caused by 
45 the side products; consequently, this provides a secondary effect, that is. suppression of degradation with time of the 
catalyst. 

For a fuller understanding of the nature and advantages of the invention, reference should be made to the ensuing 
detailed description. 

50 THE BEST MODE FOR CARRYING OUT THE INVENTION 

The following description will discuss the present invention in more detail by reference to examples and compara- 
tive examples; however, the present Invention is not particularly limited thereby. 

55 [EXAMPLE 1] 

In 500 ml of a methyl alcohol solution containing 1 .96 g of titanylacetylacetonate, 60 g of silicon oxide serving as a 
carrier (Brand Name: CARIACT Q-10, manufactured by Fujisitysia Chemical, Ltd.; specific surface area 326 m^/g; 10 
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mesh to 20 mesh; 840 jim to 1.700 urn in particle diameter) was immersed, and then the methyl alcohol was distilled 
and removed by using an evaporator. The resultant solid matter was dried at 1 20*^0 for 12 hours, and then calcined at 
600*'C in the air for three hours so that a silicon oxide having titanium oxide deposited thereon was obtained. The carrier 
amount of the titanium oxide was 1 % by weight. 
5 Next, 0.344 g of tetrachloroauric (III) acid was dissolved in water, and by adjusting it to pH 8.8 by using a sodium 

hydroxide solution. 500 ml of an aqueous solution of tetrachloroauric (III) acid was prepared. To this aqueous solution, 
10 g of the silicon oxide having titanium oxide deposited thereon was added at 70°C, and stirred for one hour so as to 
suspend the silicon oxide having titanium oxide deposited thereon (titania-silica), and gold deposition was immobilized 
on the surface thereof. 

10 Thereafter, the suspension was filtered, and the remaining matter, thus filtered, was washed by water and dried. 

Then, the remaining matter was calcined at 400**C in the air for three hours so that a gold-titania-silica catalyst, which 
is a catalyst consisting of titinia-silica having gold particles deposited thereon, was obtained as a partially-oxidizing cat- 
alyst. 

Meanwhile, the content of gold in the filtrated solution and the washing liquid, that is, the amount of gold that had 
15 not been deposited, was measured by the induction-coupling high-frequency plasma spectral analysis (ICP). Thus, the 
carrier amount of gold deposited on the silicon oxide having titanium oxide deposited thereon was calculated by sub- 
tracting the amount of gold that had been obtained through the measurements from the amount of gold in the tetrachlo- 
roauric (III) acid that had been prepared. As a result, the earner amount of gold In the gold-titania-silica catalyst was 
0.37 % by weight. 

20 Next, the performance of the silicon oxide which had titanium oxide deposited thereon and onto which gold was 
deposited was examined with respect to a partially-oxidizing reaction for propylene that serves as a hydrocarbon (an 
unsaturated hydrocarbon). In other words, 1 .0 g of the gold-titania-silica catalyst thus obtained was loaded into a stain- 
less reaction cell (reaction device) with an 8 mm inside diameter. Meanwhile, a material gas was prepared by mixing 
propylene, hydrogen, oxygen and argon so as to have a volumetric ratio of 10/10/10/70 (propyl ene/hydrogen/oxy- 

25 gen/argon). After the layer of the silicon oxide which had titanium oxide deposited thereon and onto which gold was 
deposited had been heated to a tenperature of ISO^'C, the material gas. which had been pressurized to 3 atmospheric 
pressure, was passed through the reaction cell at a flow rate of 5,000 ml/hr (standard state) so as to allow propylene to 
react at 150**C. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
30 cell, and the composition was analyzed by gas chromatography (QC). As a result, the conversion of propylene was 
6.8%, the selectivity to propyl eneoxide. which Is an epoxide, was 91 .0%. and the conversion of hydrogen was 36.4%. 
The results showed that the space time yield of propyleneoxide was 80.2 g/hr/kg • cat (the space time yield per 1 kg of 
the catalyst) and 21.7 g/hr/g • Au (the space time yield per 1 g of Au). 

35 [EXAMPLE 2] 

In 500 ml of a methyl alcohol solution containing 5.12 g of titanium (IV) tetrabutoxide and 4.51 g of 2,4-pentanedi- 
one, 60 g of silicon oxide serving as a carrier (Brand Name: CARIACTQ-15, manufactured by Fujisilysia Chemical, Ltd.; 
specific surface area 1 96 m^/g; i o mesh to 20 mesh; 840 fim to 1 ,700 \xn\ in particle diameter) was immersed, and then 
40 the methyl alcohol was distilled and removed by using an evaporator. The resultant solid matter was dried at 120''C for 
12 hours, and then calcined at 600^C in the air for three hours so that a silicon oxide having titanium oxide deposited 
thereon (titania-silica) was obtained. The carrier amount of the titanium oxide was 2 % by weight. 

Next, 0.172 g of tetrachloroauric (III) acid was dissolved in water, and by adjusting it to pH 8.5 by using a sodium 
hydroxide solution, 500 ml of an aqueous solution of tetrachloroauric (III) acid was prepared. To this aqueous solution, 
45 10 g of the silicon oxide having titanium oxide deposited thereon was added at 70''C. and stirred for one hour so as to 
suspend the silicon oxide which had titanium oxide deposited thereon and onto which gold deposition was immobilized. 

Thereafter, the suspension was filtered, and the remaining matter through filtration was washed by water and dried. 
Then, the remaining matter through filtration was calcined at 300^*0 in the air for three hour so that a gold-titania-silica 
catalyst, which is a catalyst consisting of titinia-silica having gold particles deposited thereon, was obtained as a par- 
se tially-oxidizing catalyst. 

Then, the carrier amount of gold deposited on the silicon oxide having titanium oxide deposited thereon was calcu- 
lated in the same manner as Example 1 . As a result, the carrier amount of gold was 0.22 % by weight. 

Next, the performance of the gold-titania-silica catalyst was examined with respect to a partially-oxidizing reaction 
for propylene by using the same reactions, analyses, etc. as those of Example 1 . As a result, the conversion of propyt- 
55 ene was 5.4%. the selectivity to propylene oxide was 93.2%. and the conversion of hydrogen was 23.3%. The results 
showed that the space time yield of propyleneoxide was 65.2 g/hr/kg • cat (the space time yield per 1 kg of the catalyst) 
and 29.6 g/hr/g • Au (the space time yield per 1 g of Au). 
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[COMPARATIVE EXAMPLE 1] v 

0.1 72 g of tetrachloroauric (111) acid was dissolved in water, and by adjusting it to pH 8.8 by using a sodium hydrox- 
ide solution, 2,000 ml of an aqueous solution of tetrachloroauric (III) acid was prepared. To this aqueous solution, 20 g 
5 of titanium oxide (Brand Name: titania P-25. manufactured by Japan Aerosil Ltd.) was added, and stirred for one hour 
so as to suspend the titanium oxide, while gold deposition was immobilized on the surface thereof. 

Thereafter, the suspension was filtered, and the remaining matter through filtration was washed by water and dried. 
Then, the remaining matter was molded by a pellet-molding device into pillar-shaped mold product in 1 mm 0x2 mm. 
The resulting mold product was dried at 120^0 for 12 hours, and then was calcined at 400''C in the air for three hour so 
10 that a titanium oxide having gold deposited thereon that was to be used for comparative purpose was prepared. In other 
words, the titanium oxide having gold deposited thereon was prepared without using silicon oxide or aluminum oxide as 
a carrier. The carrier amount of gold deposited on the comparative gold-titania catalyst was calculated in the same man- 
ner as Example 1 . As a result, the carrier amount of gold was 0.49 % by weight. 

Next, the performance of the comparative gold-titania catalyst was examined with respect to a partially-oxidizing 
15 reaction for propylene by using the same reactions, analyses, etc. as those of Example 1 . With respect to the compar- 
ative catalyst (gold-titania catalyst), in order to examine whether its catalyst performance is improved as temperature 
increases, reactions were implemented by using the same operations as those of Example 1 respectively at three 
points of reaction temperature, 80°C, 120°C and 150^C. 

As a result, in the case of the reaction temperature of SO'^C, the conversion of propylene was 1 .2%, the selectivity 
20 to propylene oxide was 89.5%, and the conversion of hydrogen was 12.7%. The results showed that the space time 
yield of propyleneoxide was 13.9 g/hr/kg • cat. 

In the case of the reaction temperature of 1 20*'C. the conversion of propylene was 1 .8%. the selectivity to propylene 
oxide was 53.1%, and the conversion of hydrogen was 29.3%. The results showed that the space time yield of propyl- 
eneoxide was 12.4 g/hr/kg • cat and 2.5 g/hr/g • Au (the space time yield per 1 g of Au). 
25 Further, in the case of the reaction temperature of 150°C, the conversion of propylene was 2.4%, the selectivity to 
propylene oxide was 38.6%. and the conversion of hydrogen was 44.1%. The results showed that the space time yield 
of propyleneoxide was 12.0 g/hr/kg • cat. 

As described above, when used at high reaction temperatures such as not less than 100°C, the comparative cata- 
lyst is extremely susceptible to degradation in the selectivity to propylene oxide although the conversions of propylene 
30 and hydrogen improve, thereby resulting a reduction in the yield of propyleneoxide. 

[EXAMPLE 3] 

Reactions, analyses, etc. were implemented in the same manner as those of Example 1 . except that the volumetric 
35 ratio of the material gas (propylene/hydrogen/oxygen/argon) was changed to 5/10/10/75. the pressure of the material 
gas (reaction pressure) was s^t normal and the reaction temperature was changed to ISO^'C in the partially-oxidizing 
reaction for propylene In Example 1 . As a result, the conversion of propylene was 8.5%, the selectivity to propylene 
oxide was 78.1%, and the conversion of hydrogen was 43.3%. The results showed that the space time yield of propyl- 
eneoxide was 43.1 g/hr/kg • cat. 

40 

[EXAMPLE 4] 

Reactions, analyses, etc. were implemented in the same manner as those of Example 2. except that the reaction 
temperature was changed from 150*^0 to 180''C in the partially-oxidizing reaction for propylene in Example 2. As a 
45 result, the conversion of propylene was 8.3%. the selectivity to propylene oxide was 71.1%. and the conversion of 
hydrogen was 62.0%. The results showed that the space time yield of propyleneoxide was 76.5 g/hr/kg • cat. 

[EXAMPLE 51 

so Reactions, analyses, etc. were implemented in the same manner as those of Example 2. except that the flow rate 
of the material gas was changed from 5,000 ml/hr to 8,000 ml/hr (normal pressure state) in the partially-oxidizing reac- 
tion for propylene in Example 2. As a result, the conversion of propylene was 3.4%. the selectivity to propylene oxide 
was 93.0%, and the conversion of hydrogen was 15.5%. The results showed that the space time yield of propyleneoxide 
was 66.3 g/hr/kg • cat. 

55 

[EXAMPLE 61 

First, the same processes as those of Example 1 were implemented, except that the calcination temperature was 
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changed from 600*^0 to 800''C, so that a silicon oxide having titanium oxide deposited thereon (the carrier amount of 

titanium oxide: 1 % by weight) was obtained. 

Next, 900 ml of an aqueous solution containing 0.34 g of chloroauric acid was heated to 70''C, and adjusted to pH 

8.9 by using a potassium hydroxide solution. Then, while stirring this aqueous solution, 20 g of the silicon oxide having 
5 titanium oxide deposited thereon (titania-silica) was added, and the solution was stirred at TO^C for one hour. 

Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 

matter was washed three times by 1,000 ml. of water, and then filtered. Thereafter, the solid matter thus filtered was 

dried at 120''C for 12 hours, and then calcined at AOO^'C in the air for three hours so that a gold-titania-silica catalyst, 

which is a catalyst consisting of titania-silica having ultrafine gold particles deposited thereon, was obtained. The con- 
10 tent of gold contained in the gold-tltania-silica catalyst, when analyzed by the fluorescence X-ray spectroscopy, was 

0.052 % by weight. 

Next, propylene, which serves as an saturated hydrocarbon, was partially oxidized by using the gold-titania-silica 
catalyst. In other words, 4 g of the gold-titania-silica catalyst was loaded into a stainless reaction vessel with an 8 mm 
Inside diameter. Next. In a state in which the temperature of the catalyst layer was heated to 165**C under three atmos- 
15 pheric pressure, a mixed gas consisting of hydrogen, oxygen, propylene and argon with a volumetric ratio of 
20/10/10/60 (hydrogen/oxygen/propyiene/argon) was passed through the reaction vessel at a flow rate of 16.000 ml/hr 
so as to carry out reaction. 

Fifteen minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography (GC). As a result, the yield of propyleneoxide. which is 
20 a corresponding epoxide, was 9.6%. and the conversion of hydrogen was 13.6% and the space time yield of propyle- 
neoxide was 90.7 g/hr/kg * cat. 

[EXAMPLE 7] 

25 First, the same processes as those of Example 1 were implemented, except that the amount of titanium oxide (II) 
acetylacetonate was changed from 1 .96 g to 5.88 g, so that a silicon oxide having titanium oxide deposited thereon with 
a carrier amount of titanium oxide of 3 % by weight was obtained. 

Thereafter, gold was deposited on the silicon oxide having titanium oxide deposited thereon by the same process- 
ing method as that of Example 6 so that a gold-titania-silica catalyst was obtained. The content of gold contained in the 

30 gold-titania-silica catalyst, when analyzed by the fluorescence X-ray spectroscopy, was 0.068 % by weight. 

Next, propylene, which serves as an un-saturated hydrocarbon, was partially oxidized by using the gold-titania-sil- 
ica catalyst. In other words, 2 g of the gold-titania-silica catalyst was loaded Into a stainless reaction vessel with an 8 
mm inside diameter. Next, in a state in which the temperature of the catalyst layer was heated to 165°C under three 
atmospheric pressure, a mixed gas consisting of hydrogen, oxygen, propylene and argon with a volumetric ratio of 

35 40/10/10/40 (hydrogen/oxygen/propylene/argon) was passed through the reaction vessel at a flow rate of 8.000 ml/hr 
so as to carry out reaction. 

Fifteen minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
vessel, and the composition was analyzed by gas chromatography. As a result, the yield of propyleneoxide, which is a 
corresponding epoxide, was 6.9%, and the conversion of hydrogen was 5.9% and the space time yield of propyl eneox- 
40 ide was 65.9 g/hr/kg - cat. 

[EXAMPLE 8] 

In 500 ml of a methyl alcohol solution containing 1 .96 g of titanium oxide (II) acetylacetonate, 60 g of silica serving 
45 as a earner (Brand Name: Silica ID gel. manufactured by Fuji Davison Chemical Co.. Ltd.; specific surface area 291 
m^/g: 20 mesh to 40 mesh) was immersed, and then the methyl alcohol was distilled and removed by using an evapo- 
rator. The resultant solid matter was dried at 120°C for 12 hours, and then calcined at eOO^'C in the air for three hours 
so that a silica having titanium oxide deposited tiiereon was obtained. With respect to the carrier, the carrier amount of 
the titanium oxide was 1 % by weight. 
50 Next. 0.172 g of tetrachloroauric (III) acid was dissolved In water, and by adjusting It to pH 8.7 by using a sodium 
hydroxide solution. 500 ml of an aqueous solution of tetrachloroauric (111) acid was prepared. To this aqueous solution. 
10 g of the silica having titanium oxide deposited thereon was added at 70''G, and stirred for one hour so as to suspend 
the silica having titanium oxide deposited thereon (titania-silica). and gold deposition was Immobilized on the surface 
thereof. 

55 Thereafter, the suspension was filtered, and the remaining matter through filtration was washed by water and dried. 
Then, the remaining matter through filtration was calcined at 400°C In the air for three hour so that a gold-titania-sllica 
catalyst, which is a catalyst consisting of titinia-silica having gold particles deposited thereon, was obtained as a par- 
tially-axidizlng catalyst. 
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Next, the performance of tlie silica which had titanium oxide deposited thereon and onto which gold was deposited 
was examined with respect to a partially-oxidizing reaction for propane that serves as a hydrocarbon (a saturated hydro- 
carbon). In other words, 1 .0 g of the silica which had titanium oxide deposited thereon and onto which gold was depos- 
ited thus obtained was loaded into a stainless reaction cell (reaction device) with an 8 mm inside diameter. Meanwhile. 

5 a material gas was prepared by mixing propane, hydrogen, oxygen and argon so as to have a volumetric ratio of 
5/40/10/45 (propane/hydrogen/oxygen/argon). After the layer of the gold-titania^ilica catalyst had been heated to a 
temperature of 120^C, the material gas was passed through the reaction cell at a flow rate of 2,000 nril/hr (standard 
state) under normal pressure, so as to allow propane to react at 120''C. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 

10 cell, and the composition was analyzed by gas chromatography. As a result, the conversion of propane was 0.48%. and 
the selectivity to acetone, which is a ketone, was 58.8%. The results showed that the space time yield of propane to 
acetone was 1 .5 g/hr/kg • cat. 

[EXAMPLE 9] 

15 

Reactions, analyses, etc. were implemented in the same manner as those of Example 8, except that isobutane was 
used as a hydrocarfcx)n (a saturated hydrocarbon) in place of propane in the partially-oxidizing reaction for hydrocarbon 
in Example 8. As a result, the conversion of isobutane was 1 .04%, the selectivity to t-butyl alcohol which is an alcohol 
was 84.8%, and the selectivity to acetone which is a ketone was 7.7%. The results showed that the space time yield of 
20 isobutane to t-butyl alcohol was 5.8 g/hr/kg • cat. 

[COMPARATIVE EXAMPLE 2] 

0.1 72 g of tetrachloroauric (III) acid was dissolved in water, and by adjusting it to pH 8.0 by using a sodium hydrox- 
ys ide solution, 2.000 ml of an aqueous solution of tetrachloroauric (III) acid was prepared. To this aqueous solution, 10 g 
of titanium oxide (Brand Name: titania P-25, manufactured by Japan Aerosil Ltd.) was added, and stirred for one hour 
so as to suspend the titanium oxide, while gokJ deposition was immobilized on the surface thereof. 

Thereafter, the suspension was filtered, and the remaining matter through filtration was washed by water. After the 
remaining matter had been vacuum dried at room temperature for twelve hours, it was calcined at 400*C in the air for 
30 four hours so that a titanium oxide having gold deposited thereon (70 mesh to 120 mesh) that was to be used for com- 
parative purpose was prepared. In other words, the titanium oxide having gold deposited thereon was prepared without 
using silicon oxide or aluminum oxide as a carrier. 

Next, the performance of the comparative gold-titania catalyst was examined with respect to a partially-oxidizing 
reaction for propane. In other words, 0.5 g of the comparative gold-titania catalyst was loaded into a glass reaction cell 
35 with a 10 mm inside diameter. Meanwhile, a material gas was prepared by mixing propane, hydrogen, oxygen and 
argon so as to have a volumetric ra^o of 10/10/10/70 (propane/hydrogen/oxygen/argon). After the layer of the compar- 
ative gold-titania catalyst had been heated to a temperature of 80°C by a hot bath, the material gas was passed through 
the reaction cell at a flow rate of 2.000 ml/hr (standard state) under normal pressure so as to allow propane to react at 
80'»C- 

40 Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, the conversion of propane was 0.21%, the 
selectivity to acetone, which is a ketone, was 14.6%. and the space time yield of propane to acetone was 0.3 
g/hr/kg • cat. 

45 [COMPARATIVE EXAMPLE 3] 

Reactions, analyses, etc. were implemented in the same manner as those of Comparative Example 2. except that 
isobutane was used in place of propane in the partially-oxidizing reaction for hydrocart)on in Comparative Example 2. 
As a result, the conversion of isobutane was 0.39%. the selectivity to t-butyl alcohol which is an alcohol was 46.0%. and 
50 the selectivity to acetone which is a ketone was 10.0%. The results showed that the space time yield of isobutane to t- 
butyl alcohol was 2.4 g/hr/kg • cat. 

[EX/VMPLE 10] 

55 First. 900 ml of an aqueous solution containing 0.34 g of chloroauric acid was heated to 70°C. and adjusted to pH 
9.5 by using a potassium hydroxide solution. Then, while stirring this aqueous solution, 20 g of the silicon oxide having 
titanium oxide deposited thereon (the carrier amount of titanium oxide: 1 % by weight), which had been obtained 
through the same processes as Example 6, was added and the solution was stirred at 70*'C for one hour. 



13 

BNSDOCJO: <EP ^0827779A1_L> 



EPO 857 779 A1 



Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
matter was washed three times by 1 ,000 ml of water, and then filtered. Thereafter, the solid matter thus filtered was 
dried at 120*»C for 12 hours, and then calcined at 400^0 in the air for three hours so that a gold-titania-silica catalyst, 
which Is a catalyst consisting of titania-silica having ultrafine gold particles deposited thereon, was obtained. 

5 Next. 1 -butene, which serves as an unsaturated hydrocarbon, was partially oxidized by using the gold-titania-silica 

catalyst. In other words. 2 g of the gold-titania-silica catalyst was loaded into a glass reaction vessel with a 10 mm inside 
diameter. Next, in a state in which the temperature of the catalyst layer was heated to 190**C under normal pressure, a 
mixed gas consisting of hydrogen, oxygen. 1 -butene and argon with a volumetric ratio of 20/5/20/55 (hydrogen/oxy- 
gen/1 -butene/argon) was passed through the reaction vessel at a flow rate of 8.000 ml/hr so as to carry out reaction. 

10 Twenty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, the yield of 1.2-epoxybutane, which is a 
conresporiding epoxide, was 2.4%, and the conversion of hydrogen was 22.0% and the space time yield of 1 .2-epoxyb- 
utane was 61 .7 g/hr/kg • cat. 

15 [EXAMPLE 11] 

Cis-24xjtene. which serves as an unsaturated hydrocartx)n. was partially oxidized by using the gold-titania-silica 
catalyst that had been prepared in Example 10. In other words, 2 g of the gold-titania-silica catalyst was loaded into a 
glass reaction vessel with a 10 mm inside diameter. Next, in a state in which the temperature of the catalyst layer was 

20 heated to ISO'^C under normal pressure, a mixed gas consisting of hydrogen, oxygen, cis-2-butene and argon with a 
volumetric ratio of 20/5/20/55 (hydrogen/oxygen/cis-2-butene/argon) was passed through the reaction vessel at a flow 
rate of 8.000 ml/hr so as to carry out reaction. 

Twenty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, the yield of 2.3-epoxybutane. which is a 

25 corresponding epoxide, was 3.6%, and the conversion of hydrogen was 31 .8% and the space time yield of 2.3-epoxyb- 
utane was 92.6 g/hr/kg • cat. 

[EXAMPLE 12] 

30 Trans-2-butene, which serves as an unsaturated hydrocarbon, was partially oxidized by using the gold-titania-silica 
catalyst that had been prepared in Example 10. In other words, 2 g of the gold-titania-silica catalyst was loaded into a 
glass reaction vessel with a 10 mm inside diameter. Next, in a state in which the temperature of the catalyst layer was 
heated to 190**C under normal pressure, a mixed gas consisting of hydrogen, oxygen, trans-2-butene and argon with a 
volumetric ratio of 20/5/20/55 (hydrogen/oxygen/trans-2-butene/argon) was passed through the reaction vessel at a 

35 flow rate of 8.000 ml/hr so as to carry out reaction. 

Twenty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, tiie yield of 2,3-epoxybutane. which is a 
corresponding epoxide, was 5.1%. and the conversion of hydrogen was 25.0% and the space time yield off 2,3-epoxyb- 
utane was 131.1 g/hr/kg • cat 

40 

[EXAMPLE 13] 

Cyclohexene. which serves as an unsaturated hydrocarbon, was partially oxidized by using the gold-titania-silica 
catalyst that had been prepared in Example 10. In other words, 1 g of the gold-titania-silica catalyst was loaded into a 

45 stainless reaction vessel with an 8 mm inside diameter. Next, in a state in which the temperature of the catalyst layer 
was heated to ISO^'C under normal pressure, a mixed gas consisting of hydrogen, oxygen, cyclohexene and argon with 
a volumetric ratio of 18.7/18.7/8.6/54 (hydrogen/oxygen/cyclohexene/argon) was passed through the reaction vessel at 
a flow rate of 8,000 ml/hr so as to carry out reaction. 

Twenty minutes after the start of tiie reaction, the resultant production gas was sampled at tiie exit of ttie reaction 

50 cell, and the composition was analyzed by gas chromatography. As a result, the yield of cyclohexene oxide, which is a 
corresponding epoxide, was 1.7%, and the conversion of hydrogen was 14. 1% and the space time yield of cycbhexene 
oxide was 51 .2 g/hr/kg • cat. 

[EXAMPLE 14] 

55 

First. 900 ml of an aqueous solution containing 0.34 g of chloroauric acid was heated to 70**C, and adjusted to pH 
9.5 by using a cesium hydroxide solution. Then, while stirring this aqueous solution, 20 g of the silicon oxide having tita- 
nium oxide deposited thereon (the carrier amount of titanium oxide: 1 % by weight), which had been obtained through 
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the same processes as Example 1« was added and the solution was stirred at 70**C for one hour. 

Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
matter was washed three times by 1 ,000 ml of water, and then filtered. Thereafter, the solid matter thus filtered was 
dried at 120''C for 12 hours, and then calcined at 400''C in the air for three hours so that a gold-titania-silica catalyst, 

5 which is a catalyst consisting of titania-silica having ultraf ine gold particles deposited thereon, was obtained. 

Next, isobutylene. which serves as an unsaturated hydrocarbon, was partially oxidized by using the gotd-titania-sii- 
ica catalyst. In other words, 2 g of the gold-titania*silica catalyst was loaded into a glass reaction vessel with a 10 mm 
inside diameter. Next, in a state in which the temperature of the catalyst layer was heated to ISO^'C under normal pres- 
sure, a mixed gas consisting of hydrogen, oxygen, isobutylene and argon with a volumetric ratio of 20^/20/55 (hydro- 

10 gen/oxygen/isobutylene/argon) was passed through the reaction vessel at a flow rate of 8,000 ml/hr so as to carry out 
reaction. 

Twenty minutes after the start of the reaction, the resultant production gas was sampled at the exH of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, the yield of 2-methyl-1 ,2-epoxypropane, 
which is a corresponding epoxide, was 1 .4%. and the conversion of hydrogen was 6. 1% and the space time yield of 2- 
75 methyl-1 .2-epoxypropane was 36.0 g/hr/kg • cat. 

[EXAMPLE 15] 

1 ,3-butadiene. which serves as an unsaturated hydrocarbon, was partially oxidized by using the gold-titania-silica 
20 catalyst that had been prepared in Example 14. In other words, 1 g of the gold-titania-silica catalyst was loaded into a 
stainless reaction vessel with an 8 mm inside diameter. Next, in a state in which the temperature of the catalyst layer 
was heated to 215''C under normal pressure, a mixed gas consisting of hydrogen, oxygen, 1,3-butadiene aruJ argon 
with a volumetric ratio of 17/17/17/49 (hydrogen/oxygen/1.3-butadiene/argon) was passed through the reaction vessel 
at a flow rate of 9,000 ml/hr so as to carry out reaction. 
25 Twenty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
cell, and the composition was analyzed by gas chromatography. As a result, the yield of 1,2-epoxybutene, which is a 
corresponding epoxide, was 1.3%, and the conversion of hydrogen was 4.8% and the space time yield of 1,2-epoxy- 
butene was 62.2 g/hr/kg • cat. 

30 [EXAMPLE 16] 

t In 150 ml of a methanol solution containing 3.28 g of titanylacetylacetonate (manufactured by Dojindo Laboratories 
Co., Ltd.). 100 g of silica serving as a carrier (Brand Name: CARIACT Q-10, manufactured by Fujisilysia Chemical, Ltd.; 
specific surface area 326 m^/g; globular particles with 0.84 mm to 1.7 mm in diameter) was immersed, and then the 
35 methanol was distilled and removed until the surface of silica was completely dried out, while stirring in a hot bath. The 
remaining solid matter was dried at 120''G4or 12 hours, and then calcined at eoO'^C in the air for three hours so that a 
silica carrier having t'rtania deposited thereon was obtained. With respect to the carrier, the carrier amount of the titania 
was 1 % by weight. 

Next. 2.000 ml of an aqueous solution containing 0.69 g of chloroauric acid was heated to 70''C. and adjusted to 
40 pH 9 by using a sodium hydroxide solution. Then, while stirring the solution, 40 g of the above-mentioned silica having 
titania deposited thereon was added to it. and after the solution had been stirred at lO^'C for one hour, the resultant sus- 
pension was left standing at rest so that solid matter was deposited. 

Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
matter was washed three times by 1000 ml of water, and then filtered. Then, the undried solid matter was divided into 
45 four, thereby obtaining four portions of solid matter (hereinafter, referred to as solid matter (1)). 

Next, the following processes were carried out on one portion of solid matter (1). Solid matter (1) was immersed 
into an aqueous solution containing 0.1 15 g of sodium carbonate, and water was expelled therefrom by distillation until 
the surface of the solid matter was completely dried out, while stirring in a hot bath. After the solid matter had been fur- 
ther dried at 1 20''C for twelve hours, it was calcined at 400°C in the air for three hours so that a catalyst in which ultrafine 
so gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to as catalyst (A)) 
was obtained. 

The contents of sodium and gold contained in catalyst (A), when analyzed by the fluorescence X-ray spectroscopy, 
were 0.585 % by weight and 0.148 % by weight respectively. 

55 [EXAMPLE 17] 

Another portion of solid matter (1) obtained in Example 16 was immersed into an aqueous solution containing 
0.046 g of sodium carbonate, and water was expelled therefrom by distillation until the surface of the solkJ matter was 
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completely dried out, while stirring in a hot bath. After the solid matter had been further dried at 120*»C for twelve hours, 
it was calcined at 400°C in the air for three hours so that a catalyst In which ultraf ine gold particles are deposited on the 
silica carrier having titania deposited thereon (hereinafter, referred to as catalyst (B)) was obtained. 

The contents of sodium and gold contained in catalyst (B), when analyzed by the fluorescence X-ray spectroscopy, 
5 . were 0.292 % by weight and 0.150 % by weight respectively. 

[EXAMPLE 18] 

Still another portion of solid matter (1) obtained in Example 16 was dried at 120''C for twelve hours, and then cal- 
10 cined at 400°C in the air for three hours so that a catalyst in which ultraf ine gold particles are deposited on the silica 
carrier having titania deposited thereon (hereinafter, referred to as catalyst (C)) was obtained. 

The contents of sodium and gold contained in catalyst (C), when analyzed by the fluorescence X-ray spectroscopy, 
were 0.1 1 5 % by weight and 0. 153 % by weight respectively. 

IS [EXAMPLE 19] 

The other portion of solid matter (1) obtained in Example 16 was washed three times with 300 ml of an aqueous 
solution of carbonate at pH 4, and further washed one time with 300 ml of water. Thereafter, the solid matter thus 
washed was dried at 120**C for twelve hours, and then calcined at 400*'C in the air for three hours so that a catalyst in 
20 which ultraf ine gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to 
as catalyst (D)) was obtained. 

When the contents of sodium and gold contained in catalyst (D) were analyzed by the fluorescence X-ray spectros- 
copy, the content of gold was 0.153 % by weight, but no sodium was detected. 

25 [EXAMPLE 20] 

Trans-2-butene, which serves as a hydrocarbon of the olefin family, was partially oxidized by using catalyst (A) 
obtained in Example 16. In other words, 1 g of catalyst (A) was loaded into a glass reaction vessel with a 10 mm inside 
diameter; thus, a catalyst layer was prepared. Next, in a state in which the temperature of the catalyst layer was heated 

30 to 180*C (that is, at a reaction temperature of 180*C), a mixed gas consisting of hydrogen, oxygen, trans-2-butene and 
argon with a volumetric ratio of 20/5/20/55 (hydrogen/oxygen/trans-2-butene/argon) was passed through the reaction 
vessel at a flow rate of 4.000 ml/hr so as to carry out reaction. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
vessel, and the composition was analyzed by gas chromatography. As a result, the conversion of trans*2-butene was 

35 4.4%. the selectivity of 2,3-epoxybutane, which is a corresponding epoxide, was 96%. the conversion of hydrogen was 
15.8%. and the space time yield of 2.3-epoxybutane was 108.6 g/hr per 1 kg of catalyst and 73.4 g/hr per 1g of gold. 
The results including the contents of sodium and gold in the catalyst are shown in Table 1. 

Moreover, fifty hours after the start of the reaction, the resultant production gas was sampled at the exit of the reac- 
tion vessel, and the composition was analyzed by gas chromatography. As a result, it was found that the space time 

40 yield off 2.3-epoxybutane per 1 kg of catalyst decreased by 29% as compared virith the space time yiekJ thirty minutes 
after the start of the reaction, that is. 71% of the space time yield thirty minutes after thereof. 

[EXAMPLE 21] 

45 Trans-2-butene was partially oxidized by using catalyst (B) obtained in Example 1 7 in the same processes as those 
of Example 20. The results including the contents of sodium and gold in the catalyst are shown in Table 1 . 

[EXAMPLE 22] 

so Trans-2-butene was partially oxidized by using catalyst (C) obtained in Example 18 in the same processes as those 
of Example 20. The results including the contents of sodium and gold in the catalyst are shown in Table 1 . 

[EXAMPLE 23] 

55 Trans-2-butene was partially oxidized by using catalyst (D) obtained in Example 19 in the same processes as those 
of Example 20. The results including the contents of sodium and gold in the catalyst are shown in Table 1 . 

Moreover, twenty hours after the start of the reaction, the resultant production gas was sampled at the exit of the 
reaction vessel, and the composition was analyzed by gas chromatography. As a result, it was found that the space time 
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yield of 2,3-epoxybutane per 1 kg of catalyst decreased by 52% as compared with the space time yield thirty minutes 
after the start of the reaction, that is, 48% of the space time yield thirty minutes after thereof. 



[Table 1] 





EXAMPLE 20 


EXAMPLE 21 


EXAMPLE 22 


EXAMPLE 23 


Catalyst 


(A) 


(B) 


(C) 


(D) 


Content of Na in Catalyst 


u.ooo weignrsb 


u.^y^. weignrjb 


u. 1 1 o weigniTb 


No detection 


Content of Au In Catalyst 


0.148 Weight% 


0.150 Weight% 


0.153 Weight% 


0.153 Weight% 


Conversion of trans-2-butene 


4.4% 


4.7% 


3.9% 


1.8% 


Selectivity of 2,3-epoxy butane 


96% 


95% 


95% 


60% 


Conversion of Hydrogen 


15.8% 


17.5% 


12.9% 


9.2% 


Space Time Yield 
of 2.3-epoxybu- 
tane 


Per 1 kg of Cata- 
lyst 


108.6 g/hr 


114.8 g/hr 


95.2 g/hr 


27.7 g/hr 


Per 1 g of Au 


73.4 g/hr 


76.5 g/hr 


62.3 g/hr 


18.1 g/hr 



20 

[EXAMPLE 24] 

In 150 ml of a methanol solution containing 3.28 g of titanylacetylacetonate (manufactured by Dojindo Laboratories 
Co.. Ltd.). 100 g of silica serving as a carrier (Brand Name: CARIACT Q-15, manufactured by Fujisilysia Chemical. Ltd.; 
25 specific surface area 196 m^/g: globular particles with 0.84 mm to 1.7 mm in diameter) was immersed, and then the 
methanol was distilled and removed until the surface of silica was completely dried out, while stirring in a hot bath. The 
remaining solid matter was dried at 120*'C for 12 hours, and then calcined at 600*'C in the air for three hours so that a 
silica carrier having titania deposited thereon was obtained. With respect to the carrier, the carrier amount of the titania 
* was 1 % by weight 

30 Next, 4,000 ml of an aqueous solution containing 0.69 g of chloroauric acid was heated to 70''C, and adjusted to 
pH 9 by using a sodium hydroxide solution. Then, while stirring the solution, 40 g of the above-mentioned silica having 
titania deposited thereon was added to it, and after the solution had been stirred at 70''C for one hour, the resultant sus- 
pension was left standing at rest so that solid matter was deposited. 

Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
35 matter was washed three times by 2,000 ml of water, and then filtered. Then, the undried solid matter was divided into 
four, thereby obtaining four portions of solid matter (hereinafter, referred to as solid matter (2)). 

Next, the following processes were carried out on one portion of solid matter (2). Solid matter (2) was washed three 
times by using 300 ml of an aqueous solution of sodium hydroxide with pH 10, and then washed once by using 300 ml 
of water. After the solid matter had been further dried at 120''C for twelve hours, it was calcined at 400''C in the air for 
40 three hours so that a catalyst in which ultraf ine gold particles are deposited on the silica carrier having titania deposited 
thereon (hereinafter, referred to as catalyst (E)) was obtained. 

The contents of sodium and gold contained in catalyst (E). when analyzed by the fluorescence X-ray spectroscopy, 
were 0.091 % by weight and 0.056 % by weight respectively. 

45 [EXAMPLE 25] 

Another portion of solid matter (2) obtained in Example 24 was washed once by using an aqueous solution of 
sodium hydroxide with pH 10, and then washed once by using 300 ml of water. After the solid matter had been further 
. dried at 120''C for twelve hours, it was calcined at 400''C in the air for three hours so that a catalyst in which ultraf ine 
50 gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to as catalyst (F)) 
was obtained. 

The contents of sodium and gold contained in catalyst (F). when analyzed by the fluorescence X-ray spectroscopy, 
were 0.083 % by weight and 0.060 % by weight respectively. 

55 [EXAMPLE 26] 

Still another portion of solid matter (2) obtained in Example 24 was dried at 120''C for twelve hours, and then cal- 
cined at 400''C In the air for three hours so that a catalyst in which ultraf ine gold particles are deposited on the silica 
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carrier having titania deposited thereon (hereinafter, referred to as catalyst (G)) was obtained. 

The contents of sodium and gold contained in catalyst (G), when analyzed by the fluorescence X-ray spectroscopy, 
were 0.033 % by weight and 0.070 % by weight respectively. 

[EXAMPLE 27] 

Still another portion of solid matter (2) obtained in Example 24 was washed three times with an aqueous solution 
of carbonate at pH 4, and further washed one time with 300 ml of water. Thereafter, the solid matter thus washed was 
dried at 120''C for twelve hours, and then calcined at 400<>C in the air for three hours so that a catalyst in which ultrafine 
gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to as catalyst (H)) 
was obtained. 

When the contents of sodium and gold contained in catalyst (H) were analyzed by the fluorescence X-ray spectros- 
copy, the content of gold was 0.069 % by weight txjt no sodium was detected. 

[EXAMPLE 28] 

Propylene, which serves as a hydrocarbon of the olefin temily, was partially oxidized by using catalyst (E) obtained 
in Example 24. In other words. 1 g of catalyst (E) was loaded into a glass reaction vessel with a 1 0 mm inside diameter; 
thus, a catalyst layer was prepared. Next, in a state in which the temperature of the catalyst layer was heated to 180**C 
(that is, at a reaction temperature of 180**C). a mixed gas consisting of hydrogen, oxygen, propylene and argon with a 
volumetric ratio of 20/5/20/55 (hydrogen/oxygen/propylene/argon) was passed through the reaction vessel at a flow rate 
of 8.000 ml/hr so as to carry out reaction. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
vessel, and the composition was analyzed by gas chromatography. As a result, the conversion of propylene was 1 .5%, 
the selectivity of propyleneoxide, which Is a corresponding epoxide, was 96%, the conversion of hydrogen was 5.1%. 
and the space time yield of propyleneoxide was 59.6 g/hr per 1 kg of catalyst and 106.6 g/hr per 1g of gold. The results 
including the contents of sodium and gold in the catalyst are shown in Table 2. 

[EXAMPLE 29] 

Propylene was partially oxidized by using catalyst (F) obtained in Example 25 in the same processes as those of 
Exanple 28. The results including the contents of sodium and gold in the catalyst are shown In Table 2. 

[EXAMPLE 30] 

Propylene was partially oxidized by using catalyst (G) obtained in Example 26 in the same processes as those of 
Example 28. The results including the contents of sodium and gold in the catalyst are shown in Table 2. 

[EXAMPLE 31] 

Propylene was partially oxidized by using catalyst (H) obtained in Example 27 in the same processes as those of 
Example 28. The results including the contents of sodium and gold in the catalyst are shown in Table 2. 
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[Table 2] 





EXAMPLE 28 


EXAMPLE 29 


EXAMPLE 30 


EXAMPLE 31 


Catalyst 


(E) 


(F) 


(G) 


(H) 


Content of Na in Catalyst 


0.091 Weight% 


0.083 Weight% 


0.033 Weight% 


No detection 


Content of Au in Catalyst 


0.056 Weight% 


0.060 Weight% 


0.070 Weight% 


0.069 Weight% 


Conversion of propylene 


1.5% 


1.2% 


1.1% 


0.4% 


Selectivity of propylene oxide 


96% 


96% 


92% 


41% 


Conversion of Hydrogen 


5.1% 


5.2% 


4.4% 


2.7% 


Space Time Yield 
of propylene oxide 


Per 1 kg of Cata- 
lyst 


59.6 g/hr 


47.8 g/hr 


42.0 g/hr 


6.8 g/hr 


Per 1 g of Au 


106.6 g^hr 


79.6 g/hr 


59.8 g/hr 


9.8 g/hr 



[EXAMPLE 32] 

20 

In 150 ml of a methanol solution containing 3.28 g of titanylacetylacetonate (manufactured by Dojindo Laboratories 
Co., Ltd.). 100 g of silica serving as a carrier (Brand Name: CARIACT Q-10, manufactured by Fujisilysia Chemical. Ltd.: 
specific surface area 326 m^/g; globular particles with 0.84 mm to 1.7 mm in diameter) was immersed, and then the 
methanol was distilled and removed until the surface of silica was completely dried out, while stirring in a hot bath. The 

25 remaining solid matter was dried at 1 20°C for 1 2 hours, and then calcined at 600**C in the air for three hours so that a 
silica carrier having titania deposited thereon (hereinafter, referred to as a silica carrier having titania deposited thereon) 
was obtained. With respect to the carrier, the carrier amount of the titania was 1 % by weight. 

Next, 2,000 ml of an aqueous solution containing 0.69 g of chloroauric acid was heated to 70°C, and adjusted to 
pH 9 by using a cesium hydroxide solution. Then, while stirring the solution, 40 g of the above-mentioned silica having 

30 titania deposited thereon was added to it, and after the solution had been stirred at 70''C for one hour, the resultant sus- 
pension was left standing at rest so that solid matter was deposited. 

" Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
matter was washed three times by 1 ,000 ml of water, and then filtered. Then, the undried solid matter was divided into 
three, thereby obtaining three portions of solid matter (hereinafter, referred to as solid matter (3)). 

35 Next, the following processes were carried out on one portion of solid matter (3). Solid matter (3) was immersed 
into an aqueous solution containing 0.319 g of cesium cartx>nate, and water was expelled therefrom by distillation until 
the surface of the solid matter was completely dried out, while stirring in a hot bath. After the solid matter had been fur- 
ther dried at 120''C for twelve hours, it was calcined at 400''C in the air for three hours so that a catalyst in which ultrafine 
gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to as catalyst (I)) 

40 was obtained. 

The contents of cesium and gold contained in catalyst (I), when analyzed by the fluorescence X-ray spectroscopy, 
were 5.032 % by weight and 0. 1 1 7 % by weight respectively 

[EXAMPLE 33] 

45 

Another portion of solid matter (3) obtained in Example 32 was dried at 120''C for twelve hours, and then calcined 
at 400''C in the air for three hours so that a catalyst in which ultrafine gold particles are deposited on the silica carrier 
having titania deposited thereon (hereinafter, referred to as catalyst (J)) was obtained. 

The contents of cesium and gold contained in catalyst (J), when analyzed by the fluorescence X-ray spectroscopy. 
50 were 0.715 % by weight and 0.162 % by weight respectively 

[EXAMPLE 34] 

Still another portion of solid matter (3) obtained in Example 32 was washed three times with 300 ml of an aqueous 
55 solution of carbonic acid at pH4. and then washed once with 300 ml of water. After, the solid matter thus washed had 
been dried at 120**C in the air for twelve hours, it was calcined at 400**C in the air for three hours so that a catalyst in 
which ultrafine gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to 
as catalyst (K)) was obtained. 
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When the contents of cesium and gold contained in catalyst (K) were analyzed by the fluorescence X-ray spectros- 
copy, It was found that the content of gold was 0.162 % by weight but no cesium was detected. 

[EXAMPLE 35] 

5 

Isobutylene, which serves as a hydrocarbon of the olefin family, was partially oxidized by using catalyst (I) obtained 

in Example 32. In other words, 1 g of catalyst (I) was loaded into a glass reaction vessel with a 10 mm inside diameter; 

thus, a catalyst layer was prepared. Next, in a state in which the temperature of the catalyst layer was heated to 140**C 

(that is, at a reaction temperature of 140?C). a mixed gas consisting of hydrogen, oxygen, isobutylene and argon with 
10 a volumetric ratio of 20/5/20/55 (hydrogen/oxygen/isobutylene/argon) was passed through the reaction vessel at a flow 

rate of 8,000 ml/hr so as to carry out reaction. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 

vessel, and the composition was analyzed by gas chromatography As a result, the conversion of isobutylene was 1 .0%. 

the selectivity of 2-methyl-1 ;2-epoxypropane. which is a corresponding epoxide, was 15%, the conversion of hydrogen 
IS was 1 .3%. and the space time yield of 2-methyM .2-epoxypropane was 7.7 g/hr per 1 kg of catalyst and 6.6 g/hr per 1g 

of gold. The results including the contents of cesium and gold in the catalyst are shown in Table 3. 

[EXAMPLE 36] 

20 Isobutylene was partially oxidized by using catalyst (J) obtained in Example 33 in the same processes as those of 
Example 35. The results including the contents of cesium and gold in the catalyst are shown in Table 3. 

[EXAMPLE 37] 

25 Isobutylene was partially oxidized by using catalyst (K) obtained in Example 34 in the same processes as those of 
Example 35. The results Including the contents of cesium and gold in the catalyst are shown in Table 3. 



[Table 3] 





EXAMPLE 35 


EXAMPLE 36 


EXAMPLE 37 


Catalyst 


(1) 


(J) 


(K) 


Content of Na in Catalyst 


5.032 Weight% 


0.715 Weight% 


No detection 


Content of Au in Catalyst 


0.117 Weight% 


0.162 Welght% 


0.162 Weight% 


Conversion of isobutylene 


1,0% 


1.4% 


0.3% 


Selectivity of 2-methyl-1 , 2-epoxypropane 


15% 


51% 


0% 


Conversion of Hydrogen 


1.3% 


6.1% 


1.8% 


Space Time Yield of 2-methyl- 
1 ,2-epoxypropane 


Per 1 kg of Catalyst 


7.7 g/hr 


36.7 g/hr 


0 g/hr 


Per 1 g of Au 


6.6 g/hr 


22.7 g/hr 


Og/hr 



45 [EXAMPLE 38] 

Next, 2,000 ml of an aqueous solution containing 0.69 g of chloroauric acid was heated to 70**C, and adjusted to 
pH 9 by using a potassium hydroxide solution. Then, while stirring the solution. 40 g of the above-mentioned silica car- 
rier having titania deposited thereon, obtained in Example 32, was added to it, and after the solution had been stirred 
50 at 70''C for one hour, the resultant suspension was left standing at rest so that solid matter was deposited. 

Then, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 
matter was washed three times by 500 ml of water, and then filtered. Then, the undried solid matter was divided into 
two, thereby obtaining two portions of solid matter (hereinafter, referred to as solid matter (4)). 

After one portion of solid matter (4) had been further dried at 120''C for twelve hours, it was calcined at 4O0''C in 
55 the air for three hours so that a catalyst in which ultraf ine gold particles are deposited on the silica carrier having titania 
deposited thereon (hereinafter, referred to as catalyst (L)) was obtained. 

The contents of potassium and gold contained in catalyst (L), when analyzed by the fluorescence X-ray spectros- 
copy, were 0.221 % by weight and 0.171 % by weight respectively. 
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[EMBODIMENT 39] 

Another portion of solid matter (4) obtained In Example 38 was washed three times by using 500 ml of an aqueous 
solution of carbonic acid with pH 4, and then washed once by using 500 ml of water. After the solid matter had been 
5 dried at 120°C for twelve hours, it was calcined at 400**C in the air for three hours so that a catalyst in which ultrafine 
gold particles are deposited on the silica carrier having titania deposited thereon (hereinafter, referred to as catalyst 
(M)} was obtained. 

When the contents of potassium and gold contained in catalyst (M) analyzed by the fluorescence X-ray spectros- 
copy the content of gold was 0.1 70 % by weight but no potassium was detected. 

10 

[EXAMPLE 40] 

1-Hexene, which serves as a hydrocarbon of the olefin family, was partially oxidized by using catalyst (L) obtained 
in Example 38. In other words. 1 g of catalyst (L) was loaded into a glass reaction vessel with a 10 mm inside diameter: 
15 thus, a catalyst layer was prepared. Next, in a state in which the temperature of the catalyst layer was heated to 190^0 
. (that is. at a reaction temperature of 190*'C). a mixed gas consisting of hydrogen, oxygen, 1 -hexene and helium with a 
volumetric ratio of 19/19/7/55 (hydrogen/oxygen/1-hexene/helium) was passed through the reaction vessel at a flow 
rate of 3,230 ml/hr so as to carry out reaction. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 
20 vessel, and the composition was analyzed by gas chromatography. As a result, the conversion of Vhexene was 2.8%, 
the selectivity of 1 ,2-epoxyhexane, which is a corresponding epoxide, was 82%, and the conversion of hydrogen was 
3.9%. 

[EXAMPLE 41] 

25 

1-Hexane was partially oxidized by using catalyst (M) obtained in Example 39 in the same processes as those of 
Example 40. As a result, the selectivity of 1 -hexene was 1 .7%. the selectivity of 1 ,2-expoxyhexane was 68%. and the 
conversion of hydrogen was 2.8%. 

30 [EXAMPLE 42] 

In 100 ml of a methanol solution containing 0.65 g of titanylacetylacetonate (manufactured by Dojindo Laboratories 
Co., Ltd.) and 0.024 g of magnesium acetylacetonate 2 hydrate (manufactured by Kishida Co., Ltd.), 20 g of silica serv- 
ing as a carrier (Brand Name: CARIACT Q-10, manufactured by Fujisilysia Chemical. Ltd.; specific surtece area 326 

35 m^/g; globular particles having a diameter ranging 0.84 mm to 1 .7 mm) was immersed, and then the methanol was dis- 
tilled and removed until the surface of silica was completely-dried out, while stirring in a hot bath. 

The remaining solid matter was dried at 120'*C for 12 hours, and then calcined at SOO^C In the air for three hours 
so that a silica carrier having titania and magnesia deposited thereon was obtained. With respect to the carrier, the car- 
rier amount of the titania was 1 % by weight and the carrier amount of the magnesia was 0.025 % by weight. 

40 Next, 900 ml of an aqueous solution containing 0.34 g of chloroauric acid was heated to 70**C. and adjusted to pH 
9 by using a sodium hydroxide solution. Then, while stirring the solution, 20 g of the above-mentioned silica carrier was 
added to it. and after the solution had been stirred at 70^C for one hour, the resultant suspension was left standing at 
rest so that solid matter was deposited. 

Next, supernatant liquid was removed from the aqueous solution containing solid matter, and the resultant solid 

45 matter was washed three times by 1 ,000 ml of water, and then filtered. Thereafter, the solid matter thus filtered was 
dried at 120**C for 12 hours, and then calcined at 400'*C in the air for three hours so that a gold/titania-magnesia/silica 
catalyst, which is a catalyst consisting of a silica carrier which had titania-magnesia deposited thereon and onto which 
gold was deposited, was obtained. 

50 [EXAMPLE 43] 

Propylene, which serves as a hydrocarbon of the olefin family, was partially oxidized by using the gold/titania-mag- 
nesia/silica catalyst obtained in Example 42. In other words, 1 g of the gold/titania-magnesia/silica catalyst was loaded 
Into a glass reaction vessel with a 10 mm inside diameter; thus, a catalyst layer was prepared. Next, in a state in which 
55 the temperature of the catalyst layer was heated to ISO^'C (that is, at a reaction temperature of 180°C). a mixed gas 
consisting of hydrogen, oxygen, propylene and argon with a volumetric ratio of 10/10/10/70 (hydrogen/oxygen/propyl- 
ene/argon) was passed through the reaction vessel at a flow rate of 4,000 ml/hr. 

Thirty minutes after the start of the reaction, the resultant production gas was sampled at the exit of the reaction 



21 



BNSDOCID: <EP ^0827779A1J_> 



EP 0 827 779 A1 



vessel, and the composition was analyzed by gas chiromatograpliy. As a result, the conversion of propylene was 7.3%. 
the selectivity of propyl eneoxide, which is a corresponding epoxide, was 92.6%, the conversion of hydrogen was 1 6.8%, 
the yield of propyleneoxide was 6.8%, and the space time yield of propyleneoxide was 70.4 g/hr per 1 kg of catalyst. 

[EXAMPLE 44] 

The same processes as those of Example 42 were carried out except that instead of using 100 ml of a methanol 
solution containing 0.65 g of titanylacetylacetonate and 0.024 g of magnesium acetylacetonate 2 hydrate, 100 ml of a 
methanol solution containing 0.65 g of titanylacetylacetonate was used; thus, a gold/titania/silica catalyst, which serves 
as a comparative partially-oxidizing catalyst, was obtained. 

[EXAMPLE 45] 

Propylene was partially oxidized in the same manner as Example 43 except tiiat instead of using the gold/titania- 
magnesia/silica catalyst of Example 43. the goldAitania/silica catalyst without magnesium added tiiereto. obtained in 
Example 44. was used. 

Thirty minutes after tiie start of tiie reaction, the resultant production gas was sampled at the exit of the reaction 
vessel, and the composition was analyzed by gas chromatography As a result, the conversion of propylene was 5.8%, 
the selectivity of propyleneoxide, which is a corresponding epoxide, was 94.4%. the conversion of hydrogen was 1 5.9%. 
the yield of propyleneoxide was 5.5%. and the space time yield of propyleneoxide was 57.0 g/hr per 1 kg of catalyst. 

The invention being thus described, it will be obvious that tiie same may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included within the scope of the following claims. 

POTENTIAL FOR INDUSTRIAL USE 

As described earlier, the first partially-oxidizing catalyst for a hydrocarbon of the present invention has a composi- 
tion containing gold, titanium oxide and a carrier whose specific surface area is not less than 50 m^/g. With this com- 
position, it is possible to provide a partially-oxidizing catalyst for a hydrocarbon with superior activity and selectivity. 

As described earlier, in the first partially-oxidizing catalyst, the carrier is preferably made from silicon oxide and/or 
aluminum oxide. Further, as described earlier, in tiie first partially-oxidizing catalyst, the content of gold is preferably set 
in the range of 0.005 to 5 % by weight. As described earlier, in the first partially-oxidizing catalyst, the content of titanium 
oxide is set in the range of 0.1 to 20 % by weight. With these compositions, it becomes possible to provide a partially- 
oxidizing catalyst which can carry out partial oxidation effectively. 

As described earlier, the second partially-oxidizing catalyst for a hydrocart>on of the present invention has a com- 
position containing gold, a titanium-containing oxide and at least one element selected from the group consisting of an 
alkaline metal, an alkaline earth metal and thallium. 

With this composition, it is possible to provide a partially-oxidizing catalyst for a hydrocarbon which has superior 
activity and selectivity in a reaction for partially oxidizing the hydrocarbon in the presence of hydrogen and oxygen. In 
addition, with the above-mentioned composition, the one element, selected from the group consisting of alkaline metal, 
alkaline-earth metal and thallium, makes it possible to suppress deterioration with time, thereby providing a catalyst 
having superior stability in life time. 

As described earlier, the first partially-oxidizing method for a hydrocartX)n of the present invention is a method for 
partially oxidizing the hydrocarbon by using the first partially-oxidizing catalyst In the presence of hydrogen and oxygen. 

In accordance with the first and second partially-oxidizing metiiods. it is possible to carry out a partially-oxidizing 
reaction for a hydrocarbon with high selectivity and high conversion. Consequentiy, an alcohol and/or a ketone can be 
obtained from a saturated hydrocarbon with high selectivity and high conversion, and an epoxide can be obtained from 
a hydrocarbon of the olefin family (an unsaturated hydrocartxjn) with high selectivity and high conversion. Conse- 
quentiy. it IS possible to manufacture an epoxide from a hydrocarbon of the olefin family and also to manufacture an 
alcohol and/or a ketone from a saturated hydrocarbon, effectively by using a simple method. 

Moreover, in accordance with the second partially-oxidizing method, since the catalyst having superior stability in 
life time is utilized, it is possible to carry out a partially oxidizing reaction for a hydrocarbon for a long time In a stable 
manner. 

The above-mentioned first and second partially-oxidizing methods make it possible to effectively manufacture an 
epoxide from a hydrocarbon of the olefin family (an unsaturated hydrocartK)n). Moreover, in the first and second par- 
tially-oxidizing methods for a hydrocarbon, propyleneoxide can be manufactured effectively by using propylene as tiie 
hydrocarbon. 

Furthermore, in the first and second partially-oxidizing methods, hydrocarbon is partially oxidized effectively by set- 
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ting the reaction temperature in the range of 100^0 to 250^0. 
Claims 

1 . A partially-oxidizing catalyst for a hydrocarbon comprising gold, titanium oxide and a carrier whose specific surface 
area is not less than 50 m^/g. 

2. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 1 , wherein the carrier contains silicon oxide 
and/or aluminum oxide. 

3. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 1. wherein the content of gold is set in the 
range of 0.005 to 5 % by weight. 

4. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 1 , wherein the content of titanium oxide is set 
in the range of 0.1 to 20 % by weight. 

5. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 3. wherein the content of titanium oxide is set 
in the range of 0.1 to 20 % by weight. 

6. A partially-oxidizing catalyst for a hydrocarbon as defined in claim 1 , wherein gold is prepared as ultraf ine particles 
whose diameter is not more than 10 nanometers. 

7. A partially-oxidizing catalyst for a hydrocarbon comprising gold, a titanium-containing metal oxide and at least one 
element selected from the group consisting of an alkaline metal, an alkaline earth metal and thallium. 

8. The partially-oxidizing catalyst for a hydrocait>on as defined in claim 7, comprising at least one alkaline metal 
selected from the group consisting of K, Ftb and Cs or at least one alkaline-earth metal selected from the group 
consisting of Mg, Ca. Sr and Ba. 

9. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 7, wherein the total content of the alkaline 
metal, the alkaline-earth metal and the thallium is set in the range of 0.001 to 20 % by weight. 

10. The partially-oxidizing catalyst for a hydrocartx)n as defined in claim 7. further comprising a carrier whose specific 
surface area is not less than 50 m^/g. 

11. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 7, wherein the carrier contains silicon oxide 
and/or aluminum oxide. 

12. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 7, wherein gold is prepared as ultraf ine parti- 
cles whose diameter is not more than 10 nanometers. 

13. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 7, wherein the content of gold is set in the 
range of 0.005 to 5 % by weight. 

14. The partially-oxidizing catalyst for a hydrocart>on as defined in claim 7, wherein the titanium-containing metal oxide 
is titanium oxide. 

15. The partially-oxidizing catalyst for a hydrocarbon as defined in claim 7, wherein the content of titanium, when con- 
verted into titanium dioxide, is set in the range of 0.1 to 20 % by weight. 

16. A partially-oxidizing method for a hydrocarbon comprising a step of: partially oxidizing the hydrocarbon by using the 
partially-oxidizing catalyst as defined in claim 1 in the presence of hydrogen and oxygen. 

17. The partially-oxidizing method for a hydrocarbon as defined in claim 16, wherein the volumetric ratio (hydro- 
gen/hydrocart>on) of hydrogen and hydrocarbon is set in the range of 1/10 to 100/1. 

18. The partially-oxidizing method for a hydrocarbon as defined in claim 16, wherein the hydrocart)on is an unsaturated 
hydrocarbon. 
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19. The partially-oxidizrng method for a hydrocarbon as defined in claim 18, wherein the hydrocarbon is propylene. 

20. The partially-oxidizing method for a hydrocarbon as defined in claim 18. wherein the hydrocarbon is an internal de- 
fin. 

21. The partially-oxidizing method for a hydrocarbon as defined in claim 16. wherein the hydrocarbon is a saturated 
hydrocarbon. 

22. The partially-oxidizing method for a hydrocarbon as defined in claim 16. wherein the reaction temperature is set in 
the range of 100«C to 250**C. 

23. A partially-oxidizing method for a hydrocarbon comprising a step of: partially oxidizing the hydrocarbon by using the 
partially-oxidizing catalyst as defined In claim 7 in the presence of hydrogen and oxygen. 

24. The partially-oxidizing method for a hydrocarbon as defined in claim 23. wherein the volumetric ratio (hydro- 
gen/hydrocarbon) of hydrogen and hydrocarbon is set in the range of 1/10 to 100/1. 

25. The partially-oxidizing method for a hydrocarbon as defined in claim 23, wherein the hydrocarbon is a hydrocarbon 
of the olefin family 

26. The partially-oxidizing method for a hydrocarbon as defined in claim 25, wherein the hydrocarbon of the olefin fam- 
ily is propylene. 

27. The partially-oxidizing method for a hydrocarbon as defined in claim 25. wherein the hydrocarbon of the olefin fam- 
ily is an internal olefin. 

28. The partially-Qxidlzing method for a hydrocartx)n as defined in claim 23, wherein the hydrocarbon is a saturated 
hydrocark)on. 

29. The partially-oxidizing method for a hydrocarbon as defined in claim 23, wherein the reaction temperature is set in 
the range of 100'C to 250**C. 

30. A method for preparing the partially-oxidizing catalyst for a hydrocarbon as defined in claim 7 comprising the step 
of: after having deposited at least one element selected from the group consisting of an alkaline metal, an alkaline- 
earth metal and thallium onto the titanium-containing metal oxide, depositing gold onto the titanium-containing 
metrA? oxide. 

31. A method for preparing the partially-oxidizing catalyst for a hydrocarbon as defined in claim 7 comprising the step 
of: depositing at least one element selected from the group consisting of an alkaline metal, an alkaline-earth metal 
and thallium onto the titanium-containing metal oxide, while simultaneously depositing gold onto the titanium-con- 
taining metal oxide. 



24 



EP0 827 77^ A1 



INTERNATIONAL SEARCH REPORT 



Inteniatiosial applicatioo No. 

PCT/JP97/00869 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. Cl^ B01J23/52 
According to International Patent Qassification (IPC) or to both natioiMl dassification and IPC 


B. FIELDS SEARCHED 


Mitumam doGumentaiion aeafchcd (daasificatiqn ayslem followed by dusificatioD aymbois) 
Int. Cl^ B01J21/00-38/74 


Documenution searcbed other ihao mimmuin documentation to the c 

Jitsuyo Shxnan Koho 
Kokai Jitsuyo Shinan Koho 


jneat that such documeou arc itiduded in the fieliis scaiched 

1926 - 1997 
1971 - 1997 


Elcctroiiic dd 


la base consutied during the intematioBal search (name of dau base and, where practicable, search t 


erms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of liocument, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


JP, 51-5357, B <£sso Research and Engineering 
Co.) , 

February 19, 1976 (19. 02. 76), 
Columns 8, 9 (Family: none) 


1-31 


A 


JP, 4-330938, A (Union Carbide Chemicals and 

Plastics Co., Inc.), 

November IB, 1992 (18. 11. 92), 

Claim (Family: none) 


1-31 


A 


JP, 7-8797, A (Director General, Agency of 
Industrial Science and Technology) , 
January 13, 1995 (13. 01, 95), 
Claim (Family: none) 


1-31 


1 1 Further documents are listed in the oonlinoatioo of Box C. 


1 1 See patent family annex. 




* Specu) categories of died dootmcntt: 

"A" docucDeBtdeliningtbegeocfalgttieDflbeanwbachiaaoiOMHidcied 
to be of particuJar iclcvance 

earlier dooBBeBt bid paUished oa or aficr the iotenuitioaal filing date 
"L" doGUBKDt which auy throw doubts od priority cUtaa(8) or which is 
cited lo csublish the paMicatio& date of aootber ciuttoo or other 
special reason (ss specified) 

"O** dooumeni tefeiriog lo an oral disdosure, ose. exhibiiioD or other 

*T" document pablished prior to the iaieraatioiMl filiog dale bat later than 
the priority date 


T** lalcrdocumcatpoblishedsfiertbBiaiBrBaiionalliUogdsieorpriortey 
date and not io oonlliGt with the appliaiioa but diad to eadctsiaBd 
the principle or iheoiy uaderiyiog the iavaation 

"X** doottmeot of particulsr retevancB; the claimed iovaatioa caaool be 
considered novel or cannot be oonsidercd lo involve an inventive 
step when ihft documeni is taken slooe 

doatment of particular rclevanoe; the datmed inveattoa (simot Ik 
considered lo involve an inventive step when the doctnnent is 
oomfaiaed with one or moie other snch docn8ieats,svebcombuiatic»n 
being obvious to a person skilled in the art 

doounwat member of the same patent famSy 


Date of the actual completioo of the international search 
July 7, 1997 <07. 07. 97) 


Date of mailing of the tntertiatiooal search report 

July 15, 1997 (15. 07. 97) 


Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telei^ione No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



25 



BNSDOCID: <EP ^0827779A1_I_> 



